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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

Investigations

This semi-annual Technical Report Summary covers the six-month
period from 1 October 1987 to 31 March 1988. The Cooperative Agreement's
purpose is the partial support of the joint USGS-Caltech Southern California
Seismographic Network, which is also supported by other groups, as well as
by direct USGS funding to its own employees at Caltech. According to the
Agreement, the primary visible product will be a joint Caltech-USGS catalog
of earthquakes in the southern California region; quarterly epicenter maps
and preliminary catalogs have been submitted as due during the Agreement
period. About 250 preliminary catalogs are routinely distributed to
interested parties.

Results

This six-month reporting period includes two significant southern
California earthquake sequences: (1) the 1 October 1987 Whittier Narrows
sequence, including two events which caused damage in the Los Angeles area
(ML = 5.9 on 10-1-87, and M, = 5.3 on 10-4-87), and (2) the November 1987
Superstition Hills sequence, the largest of which measured Mg = 6.2 and 6.6.

Figure 1 shows the southern California seismicity for the reporting
period. Because of the large number of aftershocks in the Superstition
Hills sequence, data from 27 November to 31 December have only been partial-
ly processed. The catalog for this period currently includes all events
above about Mj, 2.3, whereas data for the remainder of the reporting period
should be complete down to about the Mj 1.5 level.

Figure 2 shows epicenters of the Whittier Narrows sequence. The
primary shock (ML = 5.9) and its immediate aftershocks occurred on a
previously unknown thrust fault beneath the Elysian Park anticline (Hauksson
et al., 1988). The second large shock (M}, = 5.3), three days later,
occurred on an approximately north-trending strike-slip fault, which may be
an extension of the mapped Whittier fault. The third sizable shock (Mf, =
4.7) occurred much later, on 11 February 1988; this event took place on the
eastern edge of the aftershock area, apparently on the thrust fault. Damage
from the two large October shocks was concentrated in Whittier, but also
occurred in large sections of Pasadena, Alhambra, Rosemead, Los Angeles, and
adjacent communities. Even though it contained a few rather large events,
the Whittier Narrows aftershock series was actually a rather sparse sequence
when compared to those of many mainshocks in the region (e.g., the 1986
North Palm Springs and Oceanside sequences, the latest members of which can
still be seen in Figure 1.)



The first of the Superstition Hills earthquakes (ML = 5.8; Mg = 6.2)
occurred on a left-slip fault, now known as the Elmore Ranch fault, which
trends northeast from the Superstition Hills across the southern end of the
Salton Sea--toward the southernmost end of the San Andreas fault (Fig. 3).
This event occurred at about 5:54 pm local time on 23 November. The
proximity of its rupture to the southern end of the locked segment of the
San Andreas fault near Bombay Beach caused a tense night at the Seismologi-
cal Laboratory. The second large event at 5:15 am the following morning (ML
= 6.0; MS = 6.6) occurred, however, at the other end of the Elmore Ranch
fault and was associated with right-slip of several centimeters along some
30 km of the northwest-trending Superstition Hills fault. The second
earthquake caused significant damage in El Centro and surrounding areas.

It seems logical that the first event may have effectively "unlocked" the
Superstition Hills fault, which then ruptured 12 hours later. Inasmuch as
both the southernmost San Andreas and Superstition Hills faults have
demonstrated episodic creep in recent years, the Superstition Hills earth-
quake sequence must increase our concern for the southernmost San Andreas
fault, which might well rupture in a much larger event.

On 25 January 1988, yet another event above magnitude 5 (Mf, = 5.6)
occurred in northern Baja California, Mexico, bringing the total of such
events to five for the reporting period. The highlights of seismic activity
during the 6-month reporting period are as follows:

Total number of events processed to date: 604
Number of events of magnitude 3.0 and greater: 315
Number of events of magnitude 4.0 and greater: 38
Magnitude 5.0 and greater events:
(1) 1 October 1987, 1442 GMT, M,
(2) 4 October 1987, 1059 GMT, M, (Whittier Narrows)
(3) 24 November 1987, 0154 GMT, Mg .2 (Elmore Ranch fault)
(4) 24 November 1987, 1315 GMT, Mg .6 (Superstition Hills fault)
(5) 25 January 1988, 1317 GMT, M, = 5.6 (Northern Baja California)
Number of earthquakes reported felt: 84

(Whittier Narrows)

v
.
[N« VS JVel

Late in March 1988 we received a new Digital Equipment Corp.
MicroVAX to replace one of our aging PDP 11/34 on-line systems. We plan to
run the version of the CUSP on-line software written by Robert Dollar for
use in the Parkfield array, and we await its installation soon.

Reference

Hauksson, E., et al., 1988, The 1987 Whittier Narrows earthquake in the Los
Angeles metropolitan area, California: Science, v. 239, p. 1409-1412.
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Fig. 1.--Epicenters of earthquakes in the southern California region,
1 October 1987 to 31 March 1988.
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Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt

14-08-0001-A0265

W. J. Arabasz, R.B. Smith, J.C. Pechmann, and E.D. Brown
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations" associated with the University
of Utah’s 85-station regional seismic telemetry network. USGS support focuses on the seismi-
cally hazardous Wasatch Front urban corridor of north-central Utah but also encompasses
neighboring areas of the Intermountain seismic belt. Primary products for this USGS support
are quarterly earthquake catalogs and a semi-annual data submission, in magnetic-tape form, to
the USGS Data Archive.

During the report period, significant efforts were made in: (1) performing in-situ calibra-
tion on remote telemetry stations—and resolving discrepancies between observations and sys-
tem responses predicted from circuit analysis; (2) refining software for system calibrations
involving curve-fitting applications; (3) designing and fabricating new compact low-noise
VCO/mixers; and (4) installing and operating temporary telemetry stations in and around an
earthquake source zone in the Great Salt Lake Desert.

Results
1. Network Seismicity

Figure 1 shows the epicenters of 405 earthquakes (MLS4.7) located in part of the Univer-
sity of Utah study area designated the "Utah region" (lat. 36.75°-42.5°N, long. 108.75°-
114.25°W) during the six-month period October 1, 1987, to March 31, 1988. The seismicity
sample includes eleven shocks of magnitude 3.0 or greater and seven felt earthquakes.

The largest earthquake during the six-month report period was a shock of My 4.7 (m,4.3,
USGS) on October 26 (04:16 GMT) near Lakeside west of the Great Salt Lake. This earth-
quake was felt from Wendover (on the Utah-Nevada border) to the Salt Lake Valley and north-
ward into southern Idaho, and it was part of an earthquake sequence that included an ML4.8
event on September 25 (Figure 2). An ML4.2 event in the same area on October 23 was felt
strongly by workers close to the epicenter. Other felt earthquakes during the report period
include: An M;j 3.4 event on October 2, located 50 km southwest of Logan and felt at the
Golden Spike National Historic Site; an ML3.6 shock on October 19, located SO km west of
Price and felt in the northern Sanpete Valley, and an MLB.S event on January 2, located 30 km
west of Kanab on the southern border of Utah and felt in nearby small towns.



UTAH EARTHQUAKES
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The scattered seismicity depicted in Figure 1 is typical of a pattern repeatedly observed
during the last decade. Four prominent spatial clusters are labeled in Figure 1 (1) near the
Utah-Idaho border, (2) north of the Great Salt Lake, (3) west of the Great Salt Lake, and (4)
40 km southwest of Price. Cluster (1), including a subgroup immediately to the east, contains
28 events of MLs3.2. These earthquakes are in the same area as a sequence active between
October 1986 and April 1987 that included seven events greater than magnitude 3.5. Cluster
(2) includes 21 events of MLS3.4, which occurred in October and November. Cluster (3),
containing 198 events of MLS4.7, is part of a decaying sequence of earthquakes that began in
September 1987 (Figure 2). Cluster (4) was active throughout the report period and includes
52 seismic events (MLSB.S) in an area of active underground coal mining.

Reports and Publications
Brown, E.D., Utah earthquake activity, Wasatch Front Forum, v. 3, no. 3-4, p. 22, 1986.

Brown, E.D., Utah earthquake activity, July through September, 1987, Survey Notes (Utah
Geological and Mineral Survey), v. 21, no. 2-3, p. 11, 1987.

[For other reports and publications and for additional details of the Lakeside, Utah, earthquake
sequence, see technical summary for companion research award—R.B. Smith, W.J. Arabasz,
J.C. Pechmann, and E.D. Brown, University of Utah, this volume.]
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Figure 2. Magnitude as a function of time for Lakeside, Utah, earthquake sequence. A total
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ML4.7 event.



Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

R.S. Crosson and S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly cata-
logs of scismic activity in Washington and Northern Oregon are available for 1984 through 1987.
Final catalogs are available though 1986. These catalogs were funded jointly by this contract and
others. The University of Washington operates approximately 80 stations west of 120.5°W.
Twenty eight are funded under this contract.

Data are provided for USGS contract 14-08-0001-G1390 and other rescarch programs.
Efforts under this contract are closely related to and overlap objectives under contract G1390, also
summarized in this volume. Publications are listed in the G1390 summary. This summary covers
a six month period from October 1, 1987 through March 31, 1988.

Excluding blasts, probable blasts, and earthquakes outside the U. W. network, 381 earth-
quakes west of 120.5°W were located during this period. Seventy-eight of these were located
near Mount St. Helens, which has not erupted since October of 1986. Two earthquakes M, 4.1
and 4.3 were located near Yakima, Washington on December 2 at depths of about 20 km. The
largest earthquake located in western Washington/northern Oregon between October 1 and March
31 had a M. of 3.9, and occurred near the southern end of Puget Sound on March 11, at a depth
of 65 km.



Earthquake Prediction Experiments
in the Anza-Coyote Canyon Seismic Gap

14-08-0001-A0258

Jonathan Berger and James N. Brune
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093
(619) 534-2889

1. Investigations

This report covers the progress of the research investigating the Anza-Coyote
Canyon seismic gap for the period of the second half of 1987. The objectives of this
research are: 1) To study the mechanisms and seismic characteristics of small and
moderate earthquakes, and 2) To determine if there are premonitory changes in seismic
observables preceding small and moderate earthquakes. This work is carried out in
cooperation with Tom Hanks, Joe Fletcher and Linda Haar, of the U.S. Geological Sur-
vey, Menlo Park.

2. Network Status

During the period of this report, nine stations of the Anza Seismic Network were
telemetering three component data. The network was set at a low gain for most of the
time of this report to try to record earthquakes up to magnitude 4 occurring inside the
array.

There were no significant modifications to the data acquisition equipment.

3. Seismicity

In the six months of fall and winter, the Anza network recorded over 32 events
which were large enough to locate and determine source parameters. These events had
moments ranging from 2.5%10'® to 4.3x10?! dyne-cm, and stress drops ranging from
about 1 to 56 bars (Brune model). The seismicity pattern seems unchanged from what
has been observed before (Figure 1). The seismicity does not appear to be associated
with the main trace of the San Jacinto fault on the north-west end of the array. These
events in this area tend to be between the Hot Springs fault and the San Jacinto fault
at depths of 12 to 19 km. The events on the south-east end of the array near the tri-
furcation of the San Jacinto fault also do not have any obvious associations with the
identified fault traces. These earthquakes are occurring at depths between 8 and 12
km. The shallowest events are still occurring in the Cahuilla area.

The Anza network recorded many off-array events from the Superstition Hills
earthquakes in November and December, and from the Whittier earthquakes in
October.

10
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Central California Network Operations
9930-01891

Wes Hall
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - Mail Stop 977
Menlo Park, California 94025
(415) 329-4730

Investigations

Maintenance and and recording of 336 seismograph stations (415 components)

located in Northern and Central California. Also recording 78 components from
other agencies. 7The area covered is from the Oregon border south to Santa
Maria.

Results

1.Bench Maintenance Repairs

seigsmic VCO units - 115 ea
discriminators - 48 ea

2.Production/Fabrication

seismic test units - 2 ea
seismic VCO units - 15 ea
VCO printed circuit boards 38 ea

3.Modifications
seismic VCO units - 6 ea
VCO printed circuit boards 16 ea
summing amplifiers 12 ea
discriminators - 83 ea
4. Completed wiring and documentation of new Signal Distribution Frame for

Cusp and RTP computer systems.

Began uploading a file to isunix on seismic stations with known problems
and which ones have been fixed. the file is called troubles DD report,
where DD is a Julian day (1 to 365...) and is in /we/calnet/hall.

Installed a new microwave facility at Black mountain FAA Facility, Santa
Margarita, CA. Data from Simmler, Vandenburg, Cambria and Shandon are now
being routed through this facility.

Increased the capacity of the Hog Canyon microwave facility by installing

a thirty (30) foot free standing tower. Installed additional link from
Hog Canyon to Black Mountain.

12

I.

1



11.

12.

13.

Discontinued operation and removed Cuesta Peak microwave facility.

Replaced antenna tower and Mount Hamilton facility with a new 25 foot free
standing tower.

Haliburton House (Parkfield) - Supported installation of a 20KW emergency
generator and UPS system. Completed electrical installation. Added

computer data transmission capability from Haliburton to Menlo Park via
USGS microwave system.

Deleted and removed following seismic stations HCP, PCG

Installed new seismic stations at PTA (Tassajera Peak), PMB (Black
Mountain), SIM (Simmler), PHFV, PHFE, PHFN (Heflinger Ranch)

Recording new telemetry circuits 1GD 6333 from Pasadena CA.
77FDDJ290686 from Pasadena Quarry, Cupertino, CA

13



Central Aleutian Islands Seismic Network

Agreement No. 14-08-0001-A0259

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309

(303) 492-6089

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency, two-
component seismic systems and one six-component system (ADK) located at
the Adak Naval Base. Station ADK has been in operation since the mid-
1960s; nine of the additional stations were installed in 1974, three in 1975, and
one each in 1976 and 1977.

Data from the stations are FM-telemetered to recording sites near the
Naval Base, and are then transferred by cable to the Observatory on the Base.
Data were originally recorded by Develocorder on 16 mm film; since 1980 the
film recordings are back-up and the primary form of data recording has been
on analog magnetic tape. The tapes are mailed to CIRES once a week.

At CIRES the analog tapes are played back at four-times the speed at
which they were recorded into a computer which digitizes the data, automati-
cally detects events, and writes an initial digital event tape. This tape is
edited to eliminate spurious triggers, and a demultiplexed tape containing only
seismic events is created. All subsequent processing is done on this tape.
Times of arrival and wave amplitudes are read from an interactive graphics
display terminal. The earthquakes are located using a program developed for
this project by E. R. Engdahl, which uses corrections to the arrival times
which are a function of the station and the source region of the earthquake.

Data Annotations

A major earthquake (Mg 7.6) occurred immediately to the east of the
network coverage area on May 7, 1986 (at 22:47). Thousands of aftershocks of
that earthquake occurred within the network coverage area. At the time of
this writing, the local catalog of hypocenters is still incomplete for the immedi-
ate time period following the mainshock. A discussion of research on that
earthquake and its aftershocks is published under the report of Grant. No.
G1368 (Kisslinger) elsewhere in this volume.

The network was serviced from mid-July through September, 1986. Due
to major logistic problems, two of the westernmost stations could not be
reached at that time, and we were also unable to make a needed return trip to
one other far-west station. Of the 28 short-period vertical and horizontal com-
ponents, 21 were operating for most of the time period of May through July,
1986. By the end of the 1986 summer field trip to Adak, 23 of the 28 com-
ponents were operating (AK2z, AK5h, AD3 and AD5 having been brought
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back up).

During the time period of August 1986 through August of 1987, AK2z,
AK3, and AK4 were not operating. In addition, there were some periods of
time during this year when AD6 and ADK were intermittently down. Mainte-
nance was performed on the network between mid-August and mid-October of
1987. By the end of the 1987 summer field trip to Adak, 23 of the 28 com-
ponents were operating (AD6 and ADK having been brought back up). Again,
due to logistic problems, AK2z, AK3, and AK4 could not be reached.

Current Observations

So far, 611 earthquakes have been located with data from the network for
the period between the time (20:43) of the Mg 6.0 foreshock of the May 7
mainshock and 24:00 on May 14. During the past six months, project person-
nel have located 30 aftershocks occurring on May 14, 1986. We have also
skipped ahead in time and located 44 events which occurred in July, 1986.
Epicenters of all the events for May 14, as well as events occurring July 14
through July 26 are shown in Figures 1a and 1b and vertical cross-sections are
given in Figures 2a and 2b. The aftershocks, May 7 through May 14, are
shown in Figure 3.

Three of the events located with data from the Adak network for May 14
were large enough to be located teleseismically (USGS PDEs). A number of
other teleseismically located aftershocks within the network region are difficult
for us to locate due to their arrivals being masked by the codas of other aft-
ershocks. Also, 7 of the events located with data from the Adak network for
the specified dates in July, 1986, were large enough to be located teleseismi-
cally (USGS PDEs). No attempt is being made to locate aftershocks with
duration magnitudes (m,) of less than 2.3. More detailed information about
the network status and a catalog of the hypocenters determined for the time
period reported here are included in our semi-annual data report to the
U.S.G.S. Recent research using these data is reported in the Technical Sum-
mary for U.S.G.S. Grant No. G1368.

Move to the New Building

The entire solid earth geophysics research group at the CIRES Comput-
ing Facility will move from the present building to a newly constructed CIRES
building in early April 1988. This move requires the shutdown of all comput-
ers and a temporary break in the earthquake location process. New computer
equipment is also being installed. It is anticipated that our work should
resume by mid-May.
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events are shown by symbols which indicate the duration magnitude deter-
mined from Adak network data. The irregular curve near the top of the sec-
tion is bathymetry.

18



I.1

DISTANCE (km)
200

o S0 100 300
".c * o
B S L
rJ
S0
100
G
o
.’
T~ 1%
—
Q.
|
Q
200
250
300

ADAK SEISMICITY: JULY 14-26 1986

Figure 2b: Vertical cross section of seismicity which occurred July 14 - 26,
1986. Projection and symbols as in Figure 2a.

19



® -
>

-]
B o - ) . ® 9'. 'Y 0_o * -1
* . Q . o.. 6 (@} 0
o ao.,-,_: . .o °q .‘Q, &,. .
. o .Q..g’-. - ..,oD Y
° .* :'o ‘o® M Q 1 e O a .
‘ e SRE T NP
',:i-'“. .o .'G ‘ ‘. 3
@' * " %0 o * ¢
. o e . * o
. .y ges =] .
St N 1 3 1 y 0.~ O 1_§«P~g«'.’1 . N
ey - . .
178 W 177 w, - -M‘%Li;%y . ‘a 175 w
LEGEND ) . o
* = 2.2 ond below s‘ o
¢ =231 3.0 ADAK SEISMICITY: MAY 7-14 1986 [===5|
o =3.1t039 UNIVERSAL TRANSVERSE MERCATOR PROJECTION 13 km
O = 4.0 lo 4.9
O= POE mognitude 596 EVENTS
ALL DEPTHS
3
Figure 3: Map of seismicity which occurred May 7 - 14, 1986. Symbols as in
Figure la. o
i‘ .
te
.
£
af

20



Alaska Seismic Studies I.1
9930-01162

John C. Lahr, Christopher D. Stephens, Robert A. Page, Kent A. Fogleman
Branch of Seismology
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(415) 329-4744

Investigations

1) Continued collection and analysis of data from the high-gain short-period
seismograph network extending across southern Alaska from the volcanic arc
west of Cook Inlet to Yakutat Bay, and inland across the Chugach
Mountains. This region spans the Yakataga seismic gap, and a special
effort is made to note changes of activity within and adjacent to the gap
that might change our assessment of the imminence of a gap-filling event.

2) Cooperated with the Branch of Engineering Seismology and Geology in
operating 17 strong-motion accelerographs in southern Alaska, including 12
between Icy Bay and Cordova in the area of the Yakataga seismic gap.

3) Began planning for increased monitoring of the Cook Inlet volcanoes as
part of the Alaskan Volcano Observatory being established as a cooperative
program between the U.S.G.S., the Geophysical Institute of the University
of Alaska, and the Alaska Division of Geological and Geophysical Surveys.

Results

1.) During the past six months preliminary hypocenters were determined for
1580 earthquakes that occurred between August 1987 and January 1988 (Figures 1
and 2). A total of 168 events had coda-duration magnitudes (Mp) of 3 or
]arger Ninety-five of these larger shocks were located west of longitude

145" W, and all but 4 had computed depths greater than 30 km. Of the
remaining 73 larger earthquakes located east of longitude 145° W, all but 3
were associated with the November 17 (Mg 6.9) and November 30 (Mg 7.6),

1287 garthquakes in the northern Gulf of Alaska, which are d1scussed under
item

A Mp 4.1 (4.8 mp) shock that occurred on October 31 beneath the
eastern Kenai Peninsula was located at a well-constrained depth of 64 km,
which is about 10 km below the lower depth range of Aleutian Wadati-Benioff
seismicity typically observed in this area. A preliminary focal mechanism
determined from P-wave polarities recorded on high-frequency regional
seismographs has a subhorizontal, N-S-trending axis of greatest compressive
stress and an E-W-trending axis of least compressive stress.-The dip of the
T-axis is not well contrained and can range from moderately westward- to
moderately eastward-dipping. The stress orientation inferred from this
mechanism and those of shallower earthquakes within the Aleutian
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Wadati-Benioff zone in this area suggest that throughout the depth range of
its elastic thickness, the subducting Pacific plate has a tension axis
oriented approximately downdip.

On November 14, a Mp 3.8 (5.2 mp, NEIC) crustal shock occurred in
southeastern Alaska approximately 75 km northwest of Juneau. Felt reports
(NEIC) include MM intensity V at Haines, and intensity IV at Douglas, Juneau,
and Skagway. The largest aftershock (Mp 3.6, mp 4.9) occurred three days
later on November 17 and was felt V at Haines, IV at Skagway and III at
Juneau. The mainshock and three largest aftershocks are located a few km east
of the mapped trace of the Chatham Strait fault.

On November 19, two days after the first large northern Gulf of Alaska
earthquake, an intense sequence of low magnitude crustal earthquakes began
near Waxell Ridge (60.5 N, 143.0 W), which is located near the center of the
Yakataga seismic gap. The largest event on the first day was a My 1.7 shock
that occurred early in the sequence. At least 73 shocks with magnitudes
ranging up to Mp 1.5 were detected within 24 hr of this first large shock,
and 75 more occurred within the next three days. The largest earthquake in
the sequence, a Mp 2.7 shock, occurred on November 23. Three foreshocks of
magnitude Mp>1.0 preceded this event, and at least 181 aftershocks, most
smaller thanMp 1.0, were detected within 24 hr. By the end of a week, 88
more aftershocks were detected. The Waxell Ridge area of the Yakataga seismic
gap is characterized by a notably high rate of microseismicity relative to
adjacent areas in a 75-km wide band that parallels and extends inland from the
coast. The Tast time similar earthquake sequences were observed in this area
was in June and July of 1979, following by a few months the February 1979 St.
Elias earthquake (Mg 7.1) that occurred north of Icy Bay along the eastern
edge of the Yakataga gap.

On November 23, a Mp 4.2 (5.7 mp) crustal shock occurred near the
intersection of the Totschunda and Buke River faults (near latitude 61.5 N,
longitude 141.3" W), and was felt with intensity IV at Chitina and Copper
Center. Through the end of January 1988, 47 aftershocks with magnitudes as
large as 2.7 Mp were located, with the largest aftershock occurring on
December 13. P-wave polarities from the mainshock suggest dextral slip on a
nearly vertical fault plane trending northwest-southeast, in general agreement
with the trend and type of faulting exhibited by the Totschunda fault. 5
Magnitude 5 shocks on the Totschunda fault are infrequent; the largest recent
shock was a magnitude 4.3 event in 1978. 1

2.) On November 17 and November 30, 1987, two large (Mg 6.9 and 7.6, NEIC) )
" shallow shocks occurred within the Pacific plate beneath the northern Gulf of
Alaska and south of the convergent boundary between the Pacific and North 4
American plates (Figure 3). Aftershocks of the two earthquakes define two -
spatially distinct, nearly orthogonal zones. For the November 17 event, ally,
but one of the aftershocks in the first 6 hr are confined to a zone about 4Qgkm
long, 20 km wide, and trending nearly E-W. Numerous shocks that occurred im-
the following two weeks are located as much as 25 km outside of this zone, wjth
most of these shocks clustered along the E-W trend of the earlier activity.ys,
The trend in the distribution of early aftershocks and later expansion of s
aftershock activity primarily along the same trend are compatible with ruptyre
on an E-W striking fault, such as the near vertical E-W plane of the focal jp;
mechanism determined from P-wave polarities (Figure 4).
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The November 30 earthquake was a multiple event initiated by a 4.5 mp
shock that was followed about 4 sec later by the much larger Mg 7.6 event.
The intial event is located about 30 km ENC of the November 17 mainshock.
Aftershocks that occurred within 6 hrs are located in a N-S-trending zone that
extends about 20 km north and 100 km south of the epicenter of the initial
event, and is wider in its southern half. The aftershock distribution and
focal mechanism of the November 30 shock are compatible with dextral slip on a
nearly vertical plane. Continuing activity over the following three months
extended the aftershock zone about 25 km to the north, and possibly as far as
75 km to the south, as indicated by a few shocks located between latitudes
57.1 and 57.8 N. Numerous aftershocks were located off the principal N-S
trend of the aftershock zone, including an apparent E-W trend of epicenters
that crosses the main zone near latitude 58.2 , and a cluster at the SW end of
the November 17 aftershock zone. The aftershock zone of the November 17 shock
appears not to have been reactivated for at least 5 1/2 days after the
November 30 mainshock. It is not yet clear whether the apparent E-W trend in
the seismicity forms a continuous band that may indicate the presence of a
major cross-cutting fracture.

On March 6, 1988, the sequence of large shocks resumed with a Mg 7.6
earthquake that broke the Pacific plate south of the November 30 aftershock
zone (Figure 3). Most of the aftershocks that occurred within 6 hr of the
March mainshock were located in two groups, a diffuse one near the mainshock
at latitude 57 N, longitude 143 W, and a tight cluster about 70 km to the
north near the epicenter of the largest aftershock (6.2m,). These early
aftershocks define a principal N-S-trending zone about 130 km in length, but
near the latitude of the mainshock a few aftershocks were located up to 60 km
west of the mainshock epicenter, and an isolated shock (my 4.3) was located
about 140 to the east. The focal mechanism for the mainshock determined from
P-wave polarities (Figure 4) is compatible with dextral slip on a N-S-trending
plane dipping 70 to the west, similar to the mechanism for the November 30
mainshock, but with a less steeply dipping slip plane. The distribution of
early aftershocks also suggests that the March 6 earthquake primarily involved
unilateral rupture to the north into the southern end of the MNovember 30
aftershock zone; the northern limit of aftershocks from the March 6 earthquake
is approximately coincides with the distinct E-W broadening in the principal
aftershock zone of the November 30 earthquake. The broadening in the
‘aftershock distribution and the termination of rupture from the November 30
and March 6 earthquakes in this area may reflect the presence of a change or
complication in fault geometry, such as a change in fault dip, as suggested by
the focal mechanisms, a discontiuity between en echelon fault segments, or
possibly the the intersection of N-S and E-W faults.

The November and March earthquakes occurred seaward of the junction
between recently slipped and locked segments of the plate boundary,
represented by the rupture zone of the great 1964 Alaska earthquake to the
northwest and the Yakataga seismic gap to the nortin. The recent earthquakes
appear to have occurred in response to a stress field with an axis of least
compressive stress closely aligned to the NW direction of relative plate
motion, and a subhorizontal, SW-NE-trending axis of greatest compressive
stress. We infer that these orientations reflect interaction between an
extensional stress regime seaward of the 1964 rupture zone and a compressional
regime associated with the Yakataga seismic gap. Geodetic observations from
1980-1986 (Savage and Lisowski, 1988) reveal that the gap area is being
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compressed approximately in the direction of relative plate velocity,
consistent with a locked plate boundary. These recent earthquakes represent
failure and possible fragmentation of the oceanic plate seaward of the locked
Yakataga seismic gap, possibly presaging a reconfiguration of the plate
boundary that will eventually detach the Yakutat block, which is colliding
with the North Amercian plate, from the Pacific plate. Dislocation modeling
(J. C. Savage, personal comm., 1988) suggests that the recent Gulf of Alaska
earthquakes should have perturbed only slightly (by an amount comparable to
the maximum solid earth tidal strain and less than half of the measured annual
strain accumulation) the strain field within the northern part of the gap,
where a major earthquake would most 1ikely initiate. A gap-filling event is
therefore not considered less likely as a consequence of the Gulf earthquakes.

3.) Development of PC-based event recorders has continued. Software
modifications have been made to the the PCELOG (PC Event Logger) currently
operating in Yakutat. During the period September 23, 1987 through March 17,
1988, waveforms from more than 1200 triggers were recorded by the PCELOG, of
which 695 have been saved for analysis. About 957 of the saved events are
earthquakes; the remainder consists of station calibrations and other signals
such as glacial activity.

For more sophisticated processing, a fast digital-signal-processing (DSP)
auxiliary board made by Symmetric Research in Seattle is being programmed to
handle computation-intensive processing in near real time. In a configuration
based on a PC/XT computer with an external A/D board, the DSP Event Logger
(DSPELOG) is currently able to record signals from 16 (expandable to 32)
channels. For each channel, when a potential event is detected by an STA/LTA
algorithm, an FFT is calculated to discriminate among various types of signals
on the basis of frequency content. This technique has proved to be quite
sensitive for detecting particular non-seismic signals of interest such as
automatic calibration signals from the remote seismic instrumentation and
trigger signals from co-located stong-motion accelerographs. The FFT should
also help in identifying earthquakes and classifying them in terms of local or
teleseimic origin. A time-domain technique using least-squares correlation
has also been developed to detect in real time square-wave signals that
indicate gain-ranging in the seismic amplifier.
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Figure 3:

Aftershock epicenters for the three recent northern Gulf of
Alaska earthquakes (stars). Symbol type indicates time of
occurrence after each mainshock as follows: diamond - November
17, 1987 , X - November 30, 1987, circle — March 6, 1988;
larger, heavier symbols are used for shocks within 6 hr of each
mainshock. Data is incomplete after January, 1988, and includes
selected events through March 26. Heavy dashed contours outline
aftershock zones of large plate boundary earthquakes after

1900, Solid circles indicate locations of seismograph stations.
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Seismic Data Library
9930-01501

W. H. K. Lee
U. S. Geological Survey
Branch of Seismology
345 Middlefield Rd., MS 977
Menlo Park, California
(415) 329-4781

This is a non-research project and its main objectives is to provide
access of seismic data to the seismological community. The Seismic Data
Library was started by Jack Pfluke at the Earthquake Mechanism Laboratory
before it was merged with the Geological Survey. Over the past ten years, we
have built up one of the world's largest collections of seismograms (almost
all of them on microfilm) and related materials. Our collection includes
approximately 4.5 million WWNNS geismograms (1962 - present), 1 million USGS
local earthquake seismograms (1966-1979), 0.5 million historical seismograms
(1900-1962), 20,000 earthquake bulletins, reports and reprints, and a
collection of several thousand magnetic tapes containing (1) a complete set of
digital waveform data of the Global Digital Seismic Network (Data Tapes), and
(2) a complete set of digital archive data of Calnet (CUSP archive tapes).
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Northern and Central California Seismic Network Processing
9930-01160

Fredrick W. Lester
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345 Middlefield Road M/S 977
Menlo Park, California 94025
(415) 329-4747

Inveatiggtiona

1.

2.

In 1966 a seismographic network was established by the USGS to monitor
earthquakes in central California. In the following years the network was
expanded to monitor earthquakes in most of northern and central
California, particularly along the San Andreas Fault, from the Oregon
border to Santa Maria. In its present configuration there are over 350
single and multiple component stations in the network. There is a similar
network in southern California. From about 1969 to 1984 the primary
responsibility of this project was to manually monitor, process, analyze,
and catalog the data recorded from this network. In 1984 a more efficient
and automatic computer-based monitoring and processing system (CUSP) began
online operation, gradually replacing most of the manual operations
previously performed by this project. For a more complete description of
the CUSP system see the project description "Consolidated Digital
Recording and Analysis” by S. W. Stewart.

Since the introduction of the CUSP system the responsibilities of this
project have changed considerably. The main focus of the project now is
that of finalizing and publishing preliminary network data from the years
1978 through 1984. We also continue to manually scan network seismograms
as back-up event detection for the CUSP system. We then supplement the
CUSP data base with data that were detected only visually or by the other
automatic detection system (Real-Time Processor, RTP) and digitized from
the continuously recording analog magnetic tapes. Project personnel also
act as back-up for the processing staff in the CUSP project.

This project continues to maintain a data base for the years 1969 -
present on both a computer and magnetic tapes for those interested in
doing research using the network seismic data. As soon as the older data
are finalized they are exchanged for preliminary data in the data base.

For nearly two decades this office monitored earthquakes in Yellowstone
National Park and vicinity. The data from these earthquakes have been
collected and processed, and more than 6000 events have been located for
the time period 1964 to 1981. These data are currently being used to
produce a map of epicenters for the region. This map will compliment the
recently published catalog of earthquakes for 1973 to 1984 covering the
same area.
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Results

1.

Figure 1 illustrates nearly 6000 earthquakes located by this office for
northern and central California during the time period October 1987
through March 1988. The largest earthquake to occur was a M5.0 shock that
occurred on February 28, 1988 near, Hollister. It was accompanied by a few
small aftershocks. There were no other earthquakes that were magnitude 5
or larger for this time period and there were no other large or
significant sequences of earthquakes.

Final processing of data for the second half of the calendar year 1982 is
complete and those data are ready for publication, as are the data from
the Lake Shasta area for 1981-1984. It is expected that all these data
will be published by this summer.

Since June 1986 this project has been involved in a combined effort with
personnel from many different projects. The first purpose of this group
endeavor has been to collect all available seismic data pertaining to the
more than 150,000 earthquakes that the USGS has located in northern and
central California, mainly from 1969 to the present. Those data will then
be combined, checked for errors and omissions, reprocessed as necessary,
and finalized for publication. It is estimated that reprocessing will
take six months to one year, which is much less time than would be
necessary for this project working alone. Personnel in this project will
be responsible for coordinating much of this group effort. To date all
but a small portion of the data have been collected, had gross errors
corrected, and have been rerun through the location program.

For the time period October 1987 through March 1988 there were from 0 to 7
events per day missed by the CUSP automatic detection system, with an
average of 2.7 missed each day. These were added to the existing CUSP
data base from the back—up magnetic tape and processed using standard CUSP
processing techniques. Most of the earthquakes that were missed occurred
in northern California, north of latitude 39 degrees. This is a
particular problem in the north because of telemetry noise that exists on
those circuits. To avoid producing an abnormally large number of false
triggers in the detection system the trigger thresholds are often set
higher than normal and therefore some of the real events are missed by the
automatic system.

Quarterly reports were prepared on seismic activity around Monticello Dam,
Warm Springs Dam, the Auburn Dam site and, New Melones Dam for the
appropriate funding agencies.

The maps of earthquake epicenters for Yellowstone Park and vicinity is now
undergoing final review and revisions. It is expected to be completed by
later this spring.

Reports:

Pitt, A. M., (in press), Maps showing earthquake epicenters (1964-1981) in

Yellowstone National Park and vicinity, Wyoming, Idaho, and Montana. U.S.
Geological survey, Miscelaneous Field Studios Map, MF-2022, scale
1:250:000.
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA
SEISMIC NETWORK

USGS Cooperative Agreement 14-08-0001-A0262

Principal Investigators: M. K. Savage and W.F. Nicks
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4315

Investigations

This contract supported continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, with the purpose of
recording and locating earthquakes occurring in the western Great Basin, and
acquiring a data base of phase times and analog and digital seismograms from
these earthquakes. Research utilizing the data base was performed under USGS
contract 14-08-0001-G1524 and is reported elsewhere in this volume.

Results

Development of the network

Figure 1 shows the network as of April 29, 1988. Three vertical-component
analog stations that had been dropped from the network in 1876 and 1984 were
reoccupied to increase coverage to the east of the Mono Lakes area. The 3-
componenl, broadband, digital station at Battle Mountain is on-line again, con-
nected by a radio relay instead of the telephone line that was cut off in February
1987. We are beginning the process of expanding and updating our digital net-
work and our recording facilities. We will replace our existing 11/34-11/70 pro-
cessing systermn with a system developed by the USGS and Caltech based on a
microvax cluster, the CUSP (Caltech-USGS Seismic Processing system). The sys-
tem will allow simultaneous acquisition, in an event-triggered mode, of digital
and analog stations. The system is being configured for the recording of a large
number of digital stations, so that the CUSP data base will eventually comprise
all data being recorded at UNR. We are adding 8 new wide-band digital stations
in Southern Nevada. In addition, we will begin receiving 40 stations {(of which 186
will be recorded at any one time) from the Southern Great Basin network that is
operated by the USGS-Golden. The microvax system is operating and awaits
installation of the CUSP system for the process of expansion to continue.

Seismicity during report time

From October 1, 1987 through March 31, 1988, the University of Nevada
Seismological Laboratory located 2355 earthquakes (Figure 2). Of these events,
B811 events were magnitude 2 or greater, 60 events were magnitude 3 or greater,
and 1 had magnitude greater than 4 (4.2, located north of Warm Springs,
Nevada, outside the network coverage). As usual, most activity was associated
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with the Long Valley Caldera area {in particular, the Chalfant aftershock area),
and the Mono Lakes area. Activity in the state of Nevada continued to be higher
than in 1985, the first year in which the present analysis system was in place;
the network coverage was substantially the same during both periods. In one
half year, there were 327 events located in Nevada, compared to 554 during all
of 1985. 210 of these were over magnitude 2, compared to 271 in all of 1885, and
25 were greater than magnitude 3, compared to 19 in all of 1985.

More detailed monthly reports of seismicity can be obtained by contacting
the laboratory. The bulletin for 1983-1984 is in press, and that for 1984-1987 is
near completion.
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I.1

5.  November 27, 1058 UTC. 36.84°N, 83.09° W: felt (V) at Bledsoe and Jeff Kentucky. Felt
(IV) at Baxter and Putney, Kentucky and Dryden, Pennington Gap and St. Charles, Vir-

ginia. Felt in Clay, Harlan and Perry Counties, Kentucky and in Lee and Wise counties,
Virginia. md=3.5 (CERI).

6.  Five aftershocks have been recorded from the June 10, 1987 (2348 UTC) event which was
located at 38.70 °N, 87.95° W, m;,(10Hz)=>5.2(SLM).
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156-8099
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mississippi Valley
Seismic zone, in which the large 1811-1812 New Madrid earthquakes occurred. The following sec-
tion gives a summary of network observations during the last six months of the year 1987.

Results

In the last six months of 1987, 67 earthquakes were located and 25 other nonlocatable earth-
quakes were detected by the 42 station regional telemetered microearthquake network operated by
Saint Louis University for the U. S. Geological Survey and the Nuclear Regulatory Commission.
Figure 1 shows 67 earthquakes located within a 4° x 5° region centered on 36.5°N and 89.5°W.
The magnitudes are indicated by the size of the open symbols. Figure 2 shows the locations and
magnitudes of 50 earthquakes located within a 1.5° x 1.5° region centered at 36.25°N and
89.75° W.

In the last six months of 1987, 104 teleseisms were recorded by the PDP 11/34 microcom-
puter. Epicentral coordinates were determined by assuming a plane wave front propagating across
the network and using travel-time curves to determine back azimuth and slowness, and by assum-
ing a focal depth of 15 kilometer: using spherical geometry. Arrival-time information for telese-
ismic P and PkP phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the last six months of 1987 include the following:

1. July 7, 1919 UTC, 36.04)deN, 89.80°W: felt in the Charleston Missouri area. my;,=3.6
(NEIS).

2. August 31, 1712 UTC. 38.30°N, 89.68 ° W: felt (IV) at Lenzburg and St. Libory. Felt (IIl) at
Coulterville. my;,=3.1 (SLM)

3.  September 29, 0004 UTC. 36.84°N, 89.21°W: felt (V) at Wolf Island and Wyatt, Missouri.
Felt (IV) at Arlington, Bardwell, Columbus and Lovelace, Kentucky. Also, felt in parts of
Missouri, Illinois and Kentucky. m,;,=4.5 (NEIS).

4. October 14, 1549 UTC. 37.05° N, 88.78°W: felt (V) at West Paduach, Kentucky. Felt (IV)
at Bandana, Burna, Hicko1/, Hampton, Kevil, Lovelace, Lowes, Melber, Milburn, Paduach
and Symsonia, Kentucky. Felt in parts of Kentucky, Illinois and Missouri. m,,,—3.8 (NEIS).
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Consolidated Digital Recording and Analysis

9930-03412

Sam Stewart
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025

Investigations

This project is responsible (1) for operating, on a routine and reliable
basis, a computer-automated system that will detect and process earth-
quakes occurring within the USGS Central California Earthquake Network
(also known as CALNET), (2) for maintaining and developing software
relevant to automated processing techniques, including analog-to-digital
conversion and processing of events from analog magnetic tapes, and (3)
for making the data available for research purposes on a timely basis.
Presently, the signals from about 490 seismic instruments (including
hi-gain vertical seismometers, lo-gain 3-component seismometers, force
balance accelerometers and dilatometers) are telemetered to a central

recording point in Menlo Park. One PDP 11/44 computer system is dedicated

to online, realtime detection of earthquakes and storing of the digitized
waveforms for later analysis. A second PDP 11/44 computer is dedicated
to offline timing, processing and archiving of the waveform data. The
DEC VAX/750 operated by the Branch of Seismology is used for final proc-
essing and archiving of the earthquake data. This computer is used by
the research staff to obtain our data for research purposes. The total
processing hardware/software systems used by the three DEC computers is
known generically as the 'CUSP' system. The system was conceived of,
designed and developed by Carl Johnson while in Pasadena. It has been
modified considerably by Peter Johnson, Bob Dollar and Sam Stewart to
meet the specific needs of Menlo Park.

Results

1. The CUSP system processed approximately 5200 earthquakes detected
online during the period October thru March. This is a lower seis-
micity level than usual. In addition, a few thousand noise events
that were detected had to be examined and deleted from the system
as well. In addition, we are reviewing and cleaning up older data,
using programs and techniques that were not available to us when
the system first started in January 1984,

2. We are in the process of upgrading the CUSP hardware and software
to meet the needs of other CUSP sites, to make our own operations
more efficient and versatile, and to replace aging hardware and
related software (including operating systems).
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Two DEC VAXstation 2000's and one DEC VAXstation 3200 were ordered,
along with graphics software. These will replace the two 11/44
systems, the RSX11l-M+ operating system, and the two Tektronix 4014
interactive graphics terminals. When this transition is finished,
we will only be supporting one operating system (VMS) instead of
two, and one unified version of online and offline CUSP software,
instead of three.

Carl Johnson (the author of CUSP), Peter Johnson and Bob Dollar
are developing a 'consolidated' version of CUSP software that will
be the core system used in Menlo Park, Pasadena, and at HVO.

It is the system that will be distributed to other sites wanting
to use CUSP.

3. Since April 1984 the CUSP system has generated nearly
2000 Archive tapes of digitized waveforms. These tapes are recorded
at 6250 bpi density, usually on 2400 foot reels. To make these data
more easily available to non-CUSP programs, the PHASEQOUT program was
modified to provide, in ASCII format, all data necessary to read
and demultiplex selected files on the Archive tapes. Mary Allen and
Bruce Julian have successfully read these Archive tapes into
UNIX-based systems. The PHASEOUT program was further modified to
produce ASCII phase and related data from the CUSP and RTP data
sources to contribute to the primary database for the new ASCII
catalog being developed by the Seismology Branch.

4. Bob Dollar has developed a realtime digital data acquisition and
analysis system for use in the Parkfield Digital Seismic Experi-
ment. The system is designed around a DEC MicroVAX computer,
the DEC VMS operating system, and the CUSP database/processing
system. It has been benchmarked at a thruput rate of 102,400
samples per second. As used at Parkfield, it samples up to 116
sensors each at a rate of 500 samples/second. The software was
designed to be easily adaptable to monitoring larger networks
(such as the Central and Southern California seismic networks,
and to digitizing from analog tapes.

Reports

Dollar, R., and P. Johnson, 1988, "The Parkfield Digital Seismic
Experiment: Realtime high frequency data acquisition and
analysis system”, (Abs). Earthquake Notes (in press).

Johnson, Peter, 1988. "Basic VMS Block I/0 and Related Concepts”,
(Abs). Presented at DECUS 1988 Western Regional Conference,
San Francisco, March 24-25, 1988.

MacGregor-Scott, Nan, and Allan Walter, 1988, Crustal velocities
near Coalinga, California modeled from a combined
earthquake/explosion refraction profile.

Bull. Seis. Soc. Am. (accepted for publication).
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-A0260

John Taber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times,
hypocenters, and magnitudes for local and regional events. The processing resulted in files of
hypocenter solutions and phase data, and archive tapes of digital data. These files are used for
the analysis of possible earthquake precursors, seismic hazard evaluation, and studies of
regional tectonics and volcanicity (see Analysis Report, this volume). Yearly bulletins are
available starting in 1984,

Results

The Shumagin network was used to locate 833 earthquakes in 1987. The seismicity of
the Shumagin Islands region for this time period is shown in map view and cross section in
figure 1. The largest event in this period in the region occurred on 6/21/87, had a M, of 6.2,
and was located south of the network at 54.04N, 162.46W (obvious cluster on seismicity map).
The event was felt up to 300 km away. Over 140 aftershocks have been located, the largest
having an m, of 5.5. Not including the aftershock sequence of the June event there were 21
events over magnitude 4. The largest of these earthquakes was an m, 5.1 event on 5/2/87 that
was felt (intensity V) in Sand Point. Otherwise the overall pattern over this time period is
similar to the long term seismicity. Concentrations of events occur at the base of the main
thrust zone and in the shallow crust directly above it. The continuation of the thrust zone
towards the trench is poorly defined. West of the network (which ends at 163°) and the June
sequence, the seismicity is more diffuse in map view and extends closer to the trench. All but
three of the 21 located events larger than magnitude 4 that were not aftershocks of the June
event occurred in this western region. Below the base of the main thrust zone (“45 km) the
dip of the Benioff zone steepens. Part of the double plane of the lower Benioff zone is evident
near 100 km depth.

The network is capable of digitally recording and locating events as small as M;=0.4 with
uniform coverage at the 2.0 level. Events are picked and located automatically at the central
recording site in Sand Point, Alaska and the results, along with subsets of the digital data, can
be accessed via telephone modem. Onscale recording is possible to “M,=6.5 on a telemetered
3 component force-balance accelerometer. Larger events are recorded by one digitally record-
ing accelerometer and on photographic film by 11 strong-motion accelerometers.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0740
(213) 743-6124

INVESTIGATIONS

Monitor earthquake activity in the Los Angeles Basin and the adjacent offshore
area.

RESULTS

The 1987 Los Angeles Basin Seismicity

During 1987 the (M] =5.9) Whittier Narrows earthquake sequence dominated the
Los Angeles basin seismicity (Figure 1). In addition, two small swarms occurred on
February 8 and 26 near the northern end of the Newport-Inglewood fault. Eleven
earthquakes of M] 23.0 occurred in the greater Los Angeles basin in addition to the
Whittier Narrows sequence.

The preliminary seismological results from the Whittier Narrows sequence are
described by Hauksson ¢t al. (1988). The main shock epicenter was located 3 km north of
the Whittier Narrows, at the northwestern end of the Puente Hills (Figure 1). The spatial
distribution of the hypocenters of the main shock with its aftershocks, as well as the focal
mechanism of the main shock, indicate that the causative fault is a gently dipping thrust
fault with an east-west strike, located at depths from 11 to 16 km. The largest aftershock
(ML =5.3) occurred on October 4, 1987 and was located 3.0 km to the northwest of the
main shock's epicenter. A low rate of aftershock activity, with less than 10 events per
week, was recorded during November and December, 1987.

Two earthquake swarms occurred near the north segment of the Newport-
Inglewood fault on February 8 and 26 with 6 and 5 events of M >2.0, respectively. This
activity was followed by a M] =3.1 event on March 28, which showed a reverse faulting
focal mechanism (Figure 2). Two other events of M1 23.0) occurred near the NIF
showing normal (July 8) and strike slip (December 1) motion, similar to the focal
mechanisms reported by Hauksson (1987). Four events of M 23.0) were recorded in the
South Bay area near the City of Long Beach. This sequence that began May 29 with a
M) =3.1 event was followed by a M] =3.2 event on June 8 and culminated with two events
on July 8 and 9 of M]_=3.6 and 3.3, respectively. Three events (August 28, October 24
and November 29) occurred offshore to the west of the Los Angeles basin. In summary,
during 1987 eleven earthquakes of M] 23.0 occurred in the greater Los Angeles basin in
addition to the Whittier Narrows sequence.
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I.1

Field Experiment Operations
9930-01170

John Van Schaack
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road MS-977
Menlo Park, California 94025
(415) 329-4780

Ipvestigations

This project performs a broad range of management, maintenance, field
operation, and record keeping tasks in support of seismology and tectonophysics
networks and field experiments. Seismic field systems that it maintains in a
state of readiness and deploiys and operates in the field (in cooperation with
user projects) include:

a. 5-day recorder portable seismic systems.
b. "Cassette" selsmic refraction systems.
c. Portable digital event recorders.

This project is responsible for obtaining the required permits fcom private
landowners and public agencies for installation and operation of network sensors
and for the conduct of a variety of field experiments including seismic
refraction profiling, aftershock recording, teleseism P-delay studies, volcano
monitoring, etc.

This project also has the responsibility for managing ail radio telemetry
frequency authorizations for the Office of Earthquakes, Volcanoes, and
Engineering and its contractors.

Personnel of this project are also responsible for maintaining the seismic
networks data tape library. This includes processing daily telemetry tapes to
dub the appropriate seismic events and making playbacks of requested network
events and events recorded on the S-day recorders.

Results
Seismic Refraction

The seismic cassette recorders were deployed for a calibration shot for the
recorders used in the Whittier Narrows after shock study. Twelve hundred pounds
of explosives were fired 100 feet underground at the epicenter of the Whittier
Narrows Earthquake. Environmental impact statements are being prepared for
experiments in Alaska, Arizona and Nevada. Preliminary work has been done on
the experiment to be conducted in New York, Vermont, and Maine during September
1988. Project personnel made a trip to Kenya, Africa for a preliminary survey of
a proposed refraction-reflection seismic line.

Portable Networks

Six 5-day recorders were deployed near Westmoreland CA. to augment the
network for aftershock studies of the Westmoreland Earthquake for a period of 2
weeks. After shocks were also recorded by 8 recorders following the Whittier
Narrows Earthquake for a period of 3 weeks.
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Geothermal Seismotectonic Studies
9930-02097

Craig S. Weaver
Branch of Seismology
U. S. Geological Survey
at Geophysics Program AK-50
University of Washington
Seattle, Washington 98195
(206) 442-0627

Investigations

1. Continued analysis of the seismicity and volcanism patterns of the Pacific Northwest in an
effort to develop an improved tectonic model that will be useful in updating earthquake hazards
in the region. (Weaver)

2. Continued acquisition of seismicity data along the Washington coast, directly above the
interface between the North American plate and the subducting Juan de Fuca plate. (Weaver,
Zollweg, UW contract)

3. Continued seismic monitoring of the Mount St. Helens area, including Spirit Lake (where
the stability of the debris dam formed on May 18, 1980 is an issue), Elk Lake, and the south-
emn Washington-Oregon Cascade Range (north of Newberry Volcano). The data from this
monitoring is being used in the development of seismotectonic models for southwestern Wash-
ington and the interaction of the Basin and Range with the Oregon Cascades. (Weaver,
Zollweg, Grant, Yelin, UW contract)

4. Study of Washington seismicity, 1960-1969. Earthquakes with magnitudes greater than 4.5
are being re-read from original records and will be re-located using master event techniques.
Focal mechanism studies are being attempted for all events above magnitude 5.0, with particu-
lar emphasis on the 1962 Portland, Oregon event. (Yelin, Weaver)

5. Detailed analysis of the seismicity sequence accompanying the May 18, 1980 eruption of
Mount St. Helens, including about 500 deep earthquakes (>3 km) that occurred prior to May
18. Earthquakes are being located in the ten hours immediately following the onset of the
eruption, and the seismic sequence is being compared with the detailed geologic observations
made on May 18. Re-examination of the earthquake swarms that followed the explosive erup-
tions of May 25 and June 13, 1980, utilizing additional playbacks of 5-day recorder data.
(Weaver, Zollweg, Norris, UW contract)

6. Study of earthquake catalogs for the greater Parkfield, California region for the period
1932-1969. Catalogs from the University of California (UCB) and CalTech (CIT) are being
compared, duplicate entries noted, and the phase data used by each reporting institution are
being collected. The study is emphasizing events greater than 3.5, and most events will be
relocated using station corrections determined from a set of master events located by the
modem networks. (Meagher, Weaver, with Lindh, Ellsworth)

7. Study of estuaries along the northern Oregon coast in an effort to document probable sub-
sidence features associated with paleosubduction earthquakes (Grant).
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Results

1. The distribution of earthquake hypocenters for events greater than magnitude 3.5 located by
the USGS network (Figurz 1A) for the years 1970-1986 for the greater Parkfield area (from the
southern cnd of Bear Valley to the northern cdge of the Transverse Ranges and on the east to
the foothills of the Great Valley and extending westward to the Pacific Ocean) shows three
main areas of seismicity: 1) earthquakes are located east of the San Andreas fault at Coalinga,
2) along the fault near Parkfield, and, 3) a diffuse band of carthquakes about 30 km wide is
along the coast.

We are testing the hypothesis that a relocation of the historical events, estimated to be greater
than magnitude 3.5, will show a distribution similiar to that reported by the USGS. After
removing duplicate entries from the earthquake catalogues of the University of California
(UCB) and CalTech (CIT) for the time period 1932-1969, a total of 235 quakes was compiled;
the reported epicenters are scattered throughout the region (Figure 1B) in comparsion to the
concentrated epicenters from the USGS catalogs. For the events shown in Figure 1B, we have
assembled phase data files from the microfilmed phase data from CIT and UCB. We have
augmented the phase data coliection by re-reading seismograms of questionable readings; in
some cases new readings have been obtained. All of the events have been relocated (Figure
1C) using station corrections calcuated with respect to the 1975 Parkfield earthquake. The best
located quakes (Figure 1D) have been relocated using 7 or more P readings, have a RMS less
than 1.5 sec., a gap less than 230 degrees and the closest recording station less than 180 km.

For our best locations, the epicentral distribution is very similar to the USGS locations. In
addition to tightening the distribution within our study area, the relocations have resulted in
moving 30 events ourside of the study area; most of these events have been relocated into the
Bear Valley area adjacent to the north (compare Figure 1B & 1D).

2. Subsurface stratigraphy in tidal marshes along the Salmon and Nehalem Rivers in northern
Oregon record at least one episode of sudden submergence that was probably caused by large
thrust earthquakes on the Cascadia subduction zone. Along the Salmon River, both core sam-
ples and streamcuts are characterized by fine-medium sand grading up into sandy-silt and silt,
and gradually (over severa! centimeters) becoming very organic-rich, so that the upper part of
the unit consists of peat or muddy peat with an abrupt upper contact. These peaty units vary
from several up to about 10 cm in thickness and are, in some cases, overlain by a fine-medium
sand unit. This sand unit ranged (where present) from a trace up to approximately 10 cm in
thickness and was overlain by silt and silty-sand grading up into the present marsh surface.
Along the Nehalem River, the tidal-marsh subsurface stratigraphy is similar to that of the Sal-
mon River with the difference that there is no 'packet’ of sand lying in direct contact over the
peaty horizon. Instead, the peaty horizon is abruptly truncated and overlain by organic-poor
silt or sandy-silt grading upward into the modermn marsh surface.

At both the Nehalem and Saimon Rivers, the subsurface stratigraphy is interpreted to represent
the sudden lowering of a high marsh environment into an unvegetated tidal flat as a result of a
large thrust earthquake on the Cascadia subduction zone. The fine-medium sand ’packet’ that
iies on top of the peaty unit along the Salmon River shows a distribution that thins both up the
valley and away from the river channel; this distribution indicates a seaward source and is
interpreted as resulting from a tsunami generated by the rupture process.

Preliminary radiocarbon dating of the peaty horizons and preserved plant rhizomes both above
and below the peat yields an approximate age of peat burial of 300-400 years before present at
both the Nehalem and Salmon Rivers. This age is consistent with the age of the youngest
buried unit at several sites on the Washington coast to the north. If the subsidence at the Sal-
mon arid Nehalem Rivers was coincident in time with subsidence in southwestern Washington,
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the 240 km extent of the down-dropped zone indicates that an earthquake of magnitude 8.5
could have generated these features.

3. A Masscomp 5600 computer system has been installed at the University of Washington to
both collect digital seismic data from the UW seismic network and eventually to handle the
routine analysis of that data. The event-detection system is currently operating in a test mode,
and is running parallel with the existing DEC 11/34 on-line computer that handles data collec-
tion.

Reports

Grant, W. C. and Weaver, C. S., Seismicity of the Spirit Lake arca: Estimates of possible
earthquake magnitudes for engineering design, in The formation and significance of
major lakes impounded during the 1980 eruption of Mount St. Helens, Washington, U.
S. Geological Survey Professional Paper, edited by R. L Shuster and W. Meyer, (still in
press).

Weaver, C. S. and G. E. Baker, Geometry of the Juan de Fuca plate beneath Washington: Evi-
dence from seismicity and the 1949 South Puget Sound earthquake, Bulletin of the
Seismological Society of America, 78, 264-275, 1988.

Guffanti, M. and C. S. Weaver, Distribution of late Cenozoic volcanic vents in the Cascade
Range (USA): Volcanic arc segmentation and regional tectonic considerationsr, J. Geo-
phys. Res., 93, (in press), 1988.

Yelin, T. S., Magnitude and cumulative moment release estimates for earthquakes in Washing-
ton and northern Oregon, 1960-1984, Bull. Seism. Soc. Amer., (submitted).

Grant, W. C,, and D. D. McLaren, Evidence for Holocene subduction earthquakes along the
northern Oregon coast, (abs), EOS, Trans. Am. Geophys. U., 68, 1239, 1987.

Weaver, C. S. and S. R. Walter, Influence of backarc tectonics on the seismicity distribution of
the Cascade Range, (abs), Earthquake Notes, 59, in press, 1988.

Grant, W. C. and C. S. Weaver, Earthquake hazards in southwestern Washington, (abs), Earth-
quake Notes, 59, in press, 1988.

Yelin, T. S., Tectonic setting, relocation, and revised focal mechanism of the 6 November 1962
Portland, Oregon, earthquake, (abs), Earthquake Notes, 59, in press, 1988.
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34° /5’

Figure 1.

Earthquake epicenters (magnitude 2 3. 5) in the vicinity of Parkfle CA.
Box outlines study area, trlangles are seismic stations in operatlan at
some time from 1932-1969, solid line is San Andreas fault, P is Papkfield
C is Coalinga. Gpg

A) U.S.G.S. locations, 1970-1986, 196 events. v

B) UCB and CIT locations, 1932-1969, 235 events. A,,_,ﬁq

C) relocations, 1932-1969, 235 events.

D) best relocations, 1932-1969, 167 events.
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Strong Ground Motion Data Analysis
9910-02676

J. Boatwright, M Andrews, and L. Wennerberg
Branch of Engineering Seismology and Geology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5609, 329-5607, 329-5659

Investigations

1.

2.

3.

Recording and analyses of the aftershock sequence from the November 24,
1987, Superstition Hills, California, earthquake.

Theoretical investigation of the earthquake rupture process, with applica-
tion to locating subevents of a complex rupture process.

Modeling the high-frequency acceleration radiated by extended seismic
sources.

Results

1.

12 GEOS digital event recorders were deployed at 21 different sites in the
epicentral area of the Superstition Hills earthquakes. The sites included
a liquefaction array on the floodplain of the Alamo River, three of the
stations of the El Centro Accelerograph array, and five other permanent
strong motion accelerograph statioms. Approximately 400 aftershocks,
whose magnitudes ranged from 1.0 to 4.6, were recorded during the two week
deployment. The analyses of these recordings are presently divided into
two distinct efforts: 1) The recordings of the aftershocks are being col-
lated to determine a complete set of Green's functions for modeling the
mainshock rupture process. The apparent complexity of the body-wave pro-
pagation in the area, particularly for seismic sources at shallow depths
(< 3 km) indicates that exploiting the aftershock recordings to obtain
Green's functions is far efficient than trying to determine a sufficiently
detailed (3-dimensional) velocity model. 2) The topological amplification
of Superstition Mountain is being investigated, using an array of five in-
struments deployed on the flanks of the mountain as well as co-sited with
the strong motion instrument at the top of mountain. This strong motion
instrument recorded a peak acceleration of 0.86 G from the largest of the
two main shocks.

An inversion procedure for locating the subevents of a complex earthquake
rupture process has been developed, which following the theoretical work
of Boatwright (1988). The complex rupture is decomposed into the rupture
of a set of discrete subevents. The slip associated with the stress re-
lease of the subevent is calculated by modeling the subevent as an asper-
ity. To model the subevent radiation, aftershock recordings are causally
filtered to enhance their low frequency content. The method of inversion
incorporates positivity constraints for the stress drops of the subevents.

55



I.2

The set of subevents is determined inductively, where the amplitudes of
the subevents are resolved iteratively each time a new subevent is added
to the solution. A statistical test for the reduction of variance is used
to limit the number of subevents. This inversion procedure is presently
being applied to a set of accelerograph recordings of the 1976 Friuli,
Italy, earthquake sequence.

2. The theory derived by Boatwright (1982) has been extended to analyze the
acceleration radiated by extended faults. In contrast to kinematic treat-
ments, where the source excitation is obtained from the distribution of
the slip velocity multiplied by the radiation pattern, in the high-fre-
quency analysis, the source excitation is obtained from the distribution
of the dynamic stress drop multiplied by a high-frequency radiation pat-
tern which incorporates directivity and crack diffraction effects. By
specifying the approximate rupture history, the high-frequency analysis
yields an envelope for the radiated acceleration., The method has been
tested using a computer model of a 3-D dynamic rupture (Boatwright and
Quin, 1986). The technique is presently being applied to accelerograph
recordings of the 1980 Irpinia, Italy, earthquake.

References
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Boatwright, J., 1988, The seismic radiation from composite models of faulting,
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Comparative Earthquake and Tsunami Potential for Zones
in the Circum-Pacific Region

9600-98700

George L. Choy
Stuart P. Nishenko
William Spence
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

l. Prepare detailed maps and text of comparative earthquake potential for
west coasts of Mexico, Central America and South America.

2. Prepare detailed maps and text of comparative earthquake potential for
the southwest Pacific.

3. Conduct investigations of the historic repeat-time data for great earth-
quakes in the northern Pacific Ocean margin.

4. Develop a working model for the interaction between forces that drive
plate motions and the occurrence of great subduction zone earthquakes.

5. Compile tsunami data for the circum-Pacific and the corresponding seis-
mic source zones.

6. Develop methods for the rapid estimation of the source properties of
significant earthquakes.

7. Develop methods for improving significance and accuracy of determining
probability of earthquake recurrence.

Results

1. The probabilistic work for northern Mexico has been completed and pub-
lished in three papers by Nishenko and Singh in 1987. Two regions have the
highest probabilities for the recurrence of large earthquakes within the
next two decades: the central Oaxaca gap and the Acapulco-Marco gap. With
the occurrence of the catastrophic earthquake of September 19, 1985, the
Michoacan seismic gap now has a very low probability for recurrence of a
great earthquake within 20 years. Mendoza and Hartzell (1988) have studied
the source characteristics of the earthquake. A study of aftershocks of the
great 1979 Colombia earthquake has been accepted for publication (Mendoza,
1987). The study of this event in the context of the great 1906 and 1958
earthquakes will help the probabilistic assessment for the recurrence of
great earthquakes in this region. The probabilistic work for the west coast
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of Chile has already been done. Choy and Dewey (1987) have studied earth-
quake characteristics and seismotectonics associated with the great thrust
earthquake of March 1985 near Valparaiso. The study of this earthquake is
particularly important because Nishenko has concluded that the moment
released since the turn of the century in this area is only about one-third
of the moment of the great 1906 earthquake. The southern third of the
Valparaiso zone is still at high risk.

2. Drs. Nishenko and McCann have identified three areas of high seismic
hazard in SW New Britain, San Cristobal and the central Tonga arc. Data
collection and analysis should be finished by late spring 1988.

3. Data on the occurrence of great earthquakes and tsunamis from the Queen
Charlotte Islands to the Aleutian Islands have been collected, and the
evaluation of probabilistic recurrence is being conducted by Drs. Nishenko
and Jacob.

4. An evaluation of the ridge-push and slab-pull forces in the context of
stresses that lead to great subduction zone earthquakes has been completed
(Spence, 1987). An important conclusion is that specific parts of a sub-
ducting plate may be monitored for precursors to seismic gap-filling earth-
quakes.

5. Several tsunami catalogs have been gathered prior to compilation of a
comprehensive tsunami catalog. In cooperation with NOAA, Dr. Nishenko has
designed a form for systematically gathering and analyzing tsunami data.
Currently, there is no uniform approach for this data acquisition.

6. We have incorporated algorithms into NEIC operations that now permit the
analysis of broadband data for all earthquakes with magnitude greater than
5.8. Broadband data are now being used routinely to increase the accuracy of
reported parameters such as depth and radiated energy. Choy and Boatwright
(1988) are developing a method for determining maximum expected acceleration
levels from teleseismic data. These estimates will fill the void caused by
the lack of near-field recording in regions of high seismic risk.

7. Drs. Nishenko and Buland have completed a paper to improve the method-
ology of determining the probability of earthquake recurrence.

Reports
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Earthquake Hazard Investigations in the Pacific Northwest
14-08-0001-G1390

R.S. Crosson
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

The objective of this research is to investigate earthquake hazards in western Washington,
including the possibility of a large subduction-style earthquake between the North American and
Juan de Fuca plates. Improvement in our understanding of earthquake hazards is based on better
understanding of the regional structure and tectonics. Current investigations by our research group
focus on the configuration of the subducting Juan de Fuca plate, differences in characteristics of
seismicity between the overlying North American and the subducting Juan de Fuca plates, deter-
mination of regional stresses through analysis of earthquake focal mechanisms, and modeling of
lateral velocity variations in the shallow crust. Research during this contract period concentrated
on the following topics:

1. Tomographic inversion of earthquake travel times to determine 3-D velocity structure at Mount
St. Helens.

2. Investigation of focal mechanisms of crustal earthquakes in western Washington, and implica-
tions for regional tectonic stresses.

Results

1. As part of a larger investigation of 3-D seismic velocity variations in western Washington, we
have recently completed a concentrated study of the Mt. St. Helens region. This region is impor-
tant because of the possible shallow earthquake hazard associated with the St. Helens seismic zone
(SHZ), the eruptive potential at Mt. St. Helens, and the abundance of earthquake sources. It pro-
vides an excellent testing ground for our technique of using earthquake sources in tomographic
inversion. Approximately 17 thousand source-receiver pairs were used in the data processing to
obtain a "picture” of the velocity (expressed as slowness) variation throughout the St. Helens
region. Figs 1a and 1b show an example inversion result for a layer 2.0 to 4.0 km depth (a)
along with the earthquake epicenter plot (b) for those events used. The volcano is near the center
of the plots, and the treeline contour is drawn. Light colored regions are higher velocity, and dark
regions are lower velocity. The SHZ itself is relatively low velocity and there appears to be a
fundamental change in this character (or bend) about the latitude of Mt. St. Helens. High velocity
regions NNE and NW of the volcano correspond to known plutons. The relatively high velocity
directly beneath the cone may indicate a solidified residual magma conduit. We suspect that the
currently active magma chamber lies immediately to the north with a small associated low velocity
anomaly. Further refinement of this technique may provide greater structural resolution. A
manuscript by J.M. Lees and R.S. Crosson is currently being completed for publication.

2. We have completed initial work on stress inversion using focal mechanism data (M.S. Thesis

by Li Ma). This work is based on analysis originally done by McKenzie (1969) and developed
into a formal inversion method by Gephart and Forsyth (1984). The objective is to find the range
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Figure 2. 2a) Composite lower-hemisphere equal area plot of P axes from 76 focal mechanisms
determined for shallow earthquakes in western Washington.

2b) Best-fitting greatest and least principal stress directions 61 and o3 for shallow western
Washington earthquakes. Additional o1 and 63 directions within 90% confidence limits are plot-
ted. Azimuth and plunge of the best fitting greatest principal stress axis are 61 = 356°, 1°, while
best fit for least principal stress are 63 = 86°, 18°.
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EARTHQUAKE LIQUEFACTION: SOUTH CAROLINA,
VIRGINIA, WASHINGTON

9950-03868 9510-01343
Stephen F. Obermier Gregory S. Gohn
Branch of Geologic Risk Assessment Branch of Eastern Regional Geology
MS 926, National Center MS 926, National Center
Reston, Virginia 22092 Reston, Virginia 22092
(703) 648-6791 (703) 648-4382
Investigations

A search was continued for liquefaction features in the vicinities of
Charleston, southeastern South Carolina, and Savannah. In the Charleston
area, the search was for 1886 features whose source sands could be tested to
back-calculate shaking severity of the 1886 earthquake and to determine
geologic and engineering controls on surficial development of liquefaction.
In areas far from Charleston, the search was for pre-historic liquefaction
features.

Six sites of 1886 liquefaction were tested in the field (using cone
penetration or standard penetration tests) by researchers from Virginia
Polytechnic Institute; many sites with no liquefaction were also tested.

Geologic and structure contour maps were drafted for the Summerville,
Summerville NW, Ridgeville, and Pringletown 7.5 minute quadrangle.

Results

In extreme eastern Georgia, near Savannah, no liquefaction features have
been discovered. Thus, it would appear that the possibility of strong
Holocene earthquake shaking in that area is quite low.

The liquefaction caused by the 1886 earthquake that was farthest from the
epicentral region developed only in exceptionally loose sands. This implies
that far from the epicenter, exceptionally low near-surface accelerations
produced many of the liquefaction-related earthquake effects.

A manuscript has been completed which describes characteristics of
earthquake-induced liquefaction features and characteristics of nonseismogenic
features that might be confused with the earthquake-induced features. These
characteristics are described in both the coastal setting of South Carolina
and fluvial setting of the New Madrid seismic zone.

Reports

Obermeier, S. F., Weemns, R. E., Jacobson, R. B., and Gohn, G. S., in press,
Liquefaction evidence for repeated Holocene earthquakes in the coastal
region of South Carolina, New York Academy of Sciences.

Weems, R. E., Jacobson, R. B., Obermeier, S. F., and Gohn, G. S., 1988, New
radiocarbon ages from earthquake-induced liquefaction features in the
lower coastal plain of the Carolinas, Geological Society of America
Abstracts with Programs, Southeastern Section, v. 20, no. 4, p. 322.
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Magnitude Stability and Detection Changes
in the California Seismicity Catalogs

14-08-0001-G1314

R. E. Habermann
School of Geophysical Sciences
Georgia Institute of Techn?logy
Atlanta, Georgia 30332

It has become clear that systematic changes in magnitudes in local and
teleseismic catalogs are a major barrier to studies of changes in seismicity
rates which may occur as precursors to earthquakes. The emphasis in this study
has shifted away from the California catalogs primarily because of the on-
going U.S.G.S. effort at correcting the magnitudes in those catalogs. The main
task now involves evaluating temporal stabiltiy of magnitudes in Central
America and Mexico, the Aleutians, and South America and re-examining possible
precursors which have been reported prior to recent large earthquakes in those
areas. We have made substantial progress on the first aspect of this study
using several approaches.

Maximum Liklihood Magnitude Comparisons.

Several authors have recently re-computed magnitudes for a large number
of teleseismic events in the ISC catalog using the maximum 1iklihood technique
developed by Ringdal. This technique incorporates station corrections as well
as considering the fact that a given station with known noise levels did not
report the event. The magnitudes which result from this re-calculation are
probably more consistent than the original magnitudes which are determined as
simple averages.

The existence of the re-calculated magnitudes allows one to compare them
with the original magnitudes in order to assess the temporal consistency of
the originals. Figure 1 shows comparisons of these two types of magnitudes for
the three regions we are presently studying. South America and the Aleutians
both show sharp decreases in magnitude difference of about -0.15 during 1975.
This suggests that the original magnitudes increased by that amount at that
time. The picture for Mexico and Central America is somewhat more complex.
Both regions show general increases in magnitude throughout the period
studied. The amount of these increases is between -0.2 and -0.25.

Interpreting these changes in magnitude difference strictly as changes
in the original magnitudes may not be justified because of some possible
problems in the assumptions of the maximum 1iklihood technique. The principal
assumptions are that the network used for the magnitude determinations does
not change through time and that a single value is appropriate for the station
correction. It is well known that the first assumption is incorrect, the
network changes drastically as a function of time. The validity of the second
assumption is also questionable.

Figure 2 shows the biases for station EUR as a function of time for the

regions we are examining. These biases clearly show temporal variations in all
regions. This station reports a substantial number of magnitudes for all of
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these regions (), so the assumption that a single number describes the biases
well could certainly introduce time-dependent systematic errors in the
magnitudes. In addition to the temporal dependence of bias, we have found a
clear linear dependence of bias on the station magnitudes. In most cases the
slope of this relationship is positive.

Constant Networks.

It has been customary to explain changes observed in catalogs by calling
on changes in the network which is used to create the catalog, particularly in
the absence of clear proceedural changes. In order to examine this explanation
we have imposed a constant network on the catalogs of these three regions and
produced catalogs in which all events are reported by the same stations. Our
initial analysis has focused on the VELA arrays and is, therefore, limited to
the period 1964 through June, 1969. The most surprizing initial result is that
temporal changes in station bias can also occur if a constant network is used.
This is particularly true in Mexico and Central America. In the Aleutians and
Sou%? America the station biases change, but the size of the changes is rather
small.

Other Studies.

We have done the comparisons of maximum likelihood and original
magnitudes in all Gutenberg-Richter regions with more than 1000 events. This
analysis clearly indicates regional variations in the behavior of magnitudes.
Regions in the southwest Pacific, for instance, show similar patterns with low
magnitudes during the late 1970’s which recover during 1980. In this case the
changes in differences range up to 0.3 units, large enough to seriously affect
the results of many seismicity studies in that region.
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Spatial and Temporal Patterns of Seismicity in the Garm Region, USSR:
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Investigations

This program focuses on the highly active collisional plate boundary between the Indian and
Eurasian plates in Soviet Central Asia. The Garm region, located between the Pamir and Tien
Shan mountain belts (Figures 1 and 2), is characterized by a dense concentration of both shallow
and intermediate-depth earthquakes. Since the early 1950's, Garm has been the home of the Com-
plex Seismological Expediticn (CSE), whose primary mission is the prediction of earthquakes in
the USSR. Beginning in 1975, the USGS, in cooperation with the CSE, has operated a teleme-
tered network nested within a stable CSE network that has operated in the area for over thirty
years. The fundamental aims of *he present research project are: (1) to elucidate the structures and
processes involved in active deformation of the collisional plate boundary, and (2) to examine the
temporal variations in seismicity near Garm, in the form of changing spatial, depth, and stress dis-
tribution of microearthquakes that precede larger events. The data base for this study includes the
combined resources of the global, regional, and local seismic networks.

Results

Seismicity data. All work reported here is based on the compilation of earthquake catalogs
from five distinct sources: (1) Historical earthquake catalogs, including all events of Mg > 6, have
been compiled from a variety of historical and instrumental sources. (2) Global seismicity catalogs
are from the ISC and PDE bulletins and their precursors. (3) The Soviet regional catalog (from
"Earthquakes in the USSR," Acad. Sci. USSR), which covers an area of approximately 15° by 25°
and includes nearly 30,000 events since 1962, has been compiled in collaboration with D.W.
Simpson (Lamont-Doherty Geol. Obs.). (4) The CSE network covers an area of about 2° square
surrounding Garm, and has recorded over 70,000 events since the early 1950's. Arrival times and
event locations for the period 1969-1987 have been made available as part of the US-USSR ex-
change. (5) The USGS network provides the most precise spatial information for an area about 1°
square over the highly active Peter the First Range.

Our work uring this period has focused on completion of earthquake catalogs, and obtaining
refined hypocentral locations from the two local networks at Garm. We have augmented the re-
gional catalog data reported earlier by addition of over 9000 events for the periods 1962-63
(contributed by D.W. Simpson) and 1981-1983 (entered from the new catalog "Earthquakes in
Central Asia and Kazakhstan", obtained through the Tadjik Institute of Seismology). Thus, we
now have a 22-year catalog for the Central Asian region, complete for magnitudes greater than 3
(and for some subsets to the magnitude 2.5 level). Regional network earthquake locations for
central Tadjikistan are shown in Figure 2. The 18-year, 50,000+ event CSE catalog and associated
arrival time data (over 500,000 station-arrival times) have been decoded from a Soviet tape and are
now being used for earthquake location and velocity inversion studies. As an example of the
quantity and resolution of the CSE network data, one year of earthquake locations is presented in
Figure 3a. Earthquakes were relocated by the single-event location program HYPOELLIPSE
(Lahr, 1984), using a simple three-layer velocity model (see below). The earthquake distribution is
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extremely nonuniform in space, and well defined earthquake clusters and lineations of seismicity
can be distinguished from background activity. In addition, we have gathered all available arrival
time data for the USGS network at Garm, and have located over 1600 events in the Peter the First
range. This new catalog expands the existing data base (reported by Pelton and Fischer, 1981) by
a factor of ten. The USGS locations (Figure 3b) provide additional constraints on spatial dis-
tribution of seismicity near Garm. For example, an extremely well defined cross-strike feature
(oriented parallel to the plate convergence vector) is evident at basement depths, possibly seg-
menting the major northeast-striking folds and faults in the Peter the First Range.

Velocity structure. In order to improve the accuracy of earthquake locations and depths in the
Garm area, we require a realistic approximation of the velocity structure beneath the Garm net-
works. Velocity models estimated by Soviet seismologists have generally been obtained using
forward modeling techniques with earthquakes as sources (e.g., Bune er al., 1960; Kulagina et al.,
1974), and provide little constraint over detailed upper crustal structure. Pelton and Fischer (1981)
first obtained a one-dimensional velocity model under the Peter the First range using an inverse
technique. They used arrival time data from a subset of a catalog for the period 1975-1976 for
their study. We expanded on their work by applying the same algorithm (Roecker and Ellsworth's
VELEST), but using a greatly increased data base. Preliminary hypocenter locations for well
recorded events in the CSE network (1981) and the USGS network (1975-1982) were obtained
using Pelton and Fischer's (1981) velocity model. These events were graded and subsets of well
constrained events chosen for subsequent inversion for velocity structure (Figure 2). Using
VELEST, we inverted these arrival time data for the simultaneous estimates of hypocentral
parameters, P velocity structure, S velocity structure, and station corrections. The hypocentral
parameters for the well constrained subset events (within each of the networks), along with the
corresponding phase data, were used as the input for VELEST. Simultaneous adjustments of
hypocenter and model parameters are made to obtain a 'best' least squares fit to the data. This pro-
cedure was repeated for numerous inversion tests using different initial velocity models, layer
parameterizations, damping parameters, and so on,

For most of the CSE data inversions the crustal velocity structure was parameterized by three-
layer models. The velocities of the lower two crustal layers converged (within the standard devia-
tion of the associated model parameter) to yield a simpler two-layer model estimate (Figure 4a).
On this basis, we used a two-layer parameterization of the upper crust for subsequent testing and
earthquake locations. The USGS network data inversions proved to be most stable using the two-
layer results from the CSE tests as input models . Subsequent tests with the USGS data involved
using the CSE model estimate as an initial velocity configuration and varying the layer thickness.
The resulting models produced consistent velocities; the model with an 8 km-thick surface layer
had the 'best’ overall statistics (Figure 4b). The final velocity models for both the USGS/CSE and
CSE networks are reasonable, based on the following criteria: (1) the upper crustal model veloci-
ties (5.4 - 6.4 km/sec) are geologically reasonable, and do not support Pelton and Fischer's
unusually high-velocity (7.7 km/sec) midcrustal layer; (2) the obtained S-models corroborate the P-
models by yielding Vp/Vs ratios that are reasonable (1.7 - 1.8); (3) both the data variance and RMS
have been decreased by about 50 percent; (4) the standard tests of credibility provided by the
inversion program indicate that resolution was high (> 0.98) and the standard deviation was low (<
0.10 km/sec) for each model parameter. There are of course significant deficiencies with the ve-
locity inversion technique, but we believe the velocity model and station corrections obtained pro-
vide a reasonable first-order model to proceed with the earthquake relocations.

Space-time seismicity patterns. The high level of seismic activity in the Central Asian region
(Figure 2) has led us to consider more rigorous methods of analyzing spatial and temporal
seismicity patterns. Qur previous reports have described techniques for identification and charac-
terization of nonrandomness in the spatial and temporal distribution of earthquakes (Eneva et al.,
1987; Eneva and Hamburger, 1987; 1988). The approach compares the observed distributions of
distances and time intervals among all possible pairs of events with the distributions that would be
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expected were the events distributed in a uniform fashion within the active seismic zones. Our
previous work examined various subsets of earthquakes within the India-Eurasia plate boundary
zone, at various spatial scales, magnitude ranges, and tectonic settings. In virtually all cases, the
seismic activity displayed a marked tendency to cluster in both space and time. The obvious ques-
tion remains, however, to what degree this tendency can be explained by the occurrence of tightly
grouped sequences of aftershocks and swarms.

To address this question, we have developed a reliable technique for removing aftershocks and
swarms from an earthquake catalog. The approach is also useful for distinguishing these "unusual”
earthquake sequences from the "normal” background activity. Our approach is based on compari-
son of observed rates in isolated space-time windows with average rates of seismic activity.
"Excess" events are removed from windows of unusually high activity, but with three important
considerations: (1) we use the average rate for a particular portion of the seismic zone (rather than
the entire seismic zone) for calculating the background activity, (2) we do not remove all the events
from a high-activity window (i.e., the background activity for that area is left in the catalog), and
(3) we do not restore all such windows to identical rates of seismic activity. For this purpose, we
use a "double random" approach to remove clustered events from the catalog. The entire seismic
zone is broken up into arbitrary spatial and temporal windows. An initial average rate of activity is
assigned to each spatial unit by calculating the mean from the rates in all the temporal units associ-
ated with that area. The anomalous time intervals (defined as those windows whose rate is outside
the 95% confidence limits about the average rate) are dropped from consideration, and a new aver-
age rate is calculated. This procedure is iteratively applied until all rates in the remaining time in-
tervals fall within the 95% confidence limits. The procedure is repeated for all spatial units. Thus,
a final average rate is assigned to each unit, believed to represent best the background activity. The
space-time windows in which seismic rates exceed the 95% confidence limits are identified as in-
tervals from which events have to be removed. The number of events that should remain in such
windows is randomly generated using a normal distribution around the average rate. The particular
events to be removed are then randomly chosen (hence the name "double random"), with the ex-
ception that the largest event from such windows (i.e., the mainshock) is not removed. The suc-
cess of this technique is demonstrated by the "raw" and "declustered” space-time diagrams pre-
sented in Figure 5. Our preliminary results indicate that the marked spatial clustering of events
persists even when aftershocks and swarms are excluded from consideration, while the temporal
clustering disappears when aftershock/swarm sequences are excluded.
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Figure 1. Teleseismically located earthquakes and active faults of the Garm region. Earthquakes recorded
from 1964-1984 and located by > 20 stations, are from the ISC catalog. Open circles represent earth-
quakes at < 70 km depth; filled circles: h > 70 km. Fault maps are adapted from Keith et al. (1982) and
Wesson (1986). Dashed ellipses indicate aftershock zones of 1974 Markansu and 1978 Daraut-Kurgan earth-
quakes. Heavy arrow shows the location of Garm.
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Figure 2. Earthquakes located by the Soviet Regional Network, 1964-1980, classified by magnitude and
depth: open circles: h <70 km; filled circles: h > 70 km. Small symbols: M < 4.0; large symbols: M > 4.0.
We have arbitrarily "randomized” the coordinates of poorly located events on the margins of the seismic
network whose position was given in 0.1° increments in order to remove an apparent gridding of epicenters.
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Figure 3.  (A) CSE network and relocated events based on 1 year of arrival time data. (B) USGS network and all
events for 1975 - 1982. In both figures, eathquake symbols represent location quality: filled circles = ‘A’
events; shaded circles = 'B' events; open circles = ‘'C' events; crosses = ‘D' events. Filled triangles represent
scismic stations.
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INVESTIGATIONS

Analyze earthquake data recorded by the USC and CIT/USGS networks during the
Iast 12 years in the greater Los Angeles basin to improve earthquake locations including depth
and to determine the detailed patterns of faulting in the study region.

Analysis of the July 1986 Oceanside (M] = 5.3) earthquake sequence in the
Continental Borderland has been completed.

RESULTS

An earthquake of M =5.3 occurred at 32058.7'N, 117051.5'W southwest of
Oceanside in San Diego County on 13:47 July 13, 1986 (UT) (Figure 1). This main
shock was followed by an extensive aftershock sequence, with 55 events of M.>3.0
during July 1986. The epicenters of the main shock and aftershocks are Iocated at the
northern end of the San Diego Trough-Bahia Soledad fault zone (SDT-BS) where it
changes strike from northwest to a more westerly direction through a left offset or a bend in
the fault. The northwest striking SDT-BS is one of three strike-slip fault systems that
constitute the Agua Blanca fault system. The spatial distribution of the aftershocks
indicates a unilateral 7 -9 km long rupture to the east-southeast away from the epicenter of
the main shock. The focal mechanism of the main shock also has an east-southeast striking
and south-dipping plane with mostly reverse movement on it. Focal mechanisms of the
M] 23.0 aftershocks show both reverse and strike-slip movement (Figure 2). The reverse
focal mechanisms indicate that this sequence may have occurred on a thrust fault that
provides for a left stepping offset or a bend in the San Diego Trough fault as movement is
transferred to the west along the Santa Cruz - Catalina Island escarpment (Figure 3). Some
of the aftershocks that are located to the southeast of the main shock and have strike-slip
focal mechanisms, indicate activation of the northwest trending San Diego Trough fault. A
stress inversion of the focal mechanism data shows that the maximum principal stress
determined from the focal mechanisms of the main shock and 22 aftershocks that occurred
within 36 hours of the main shock, has an azimuth of S30° W plunging 180, The
maximum principal stress determined from 30 aftershocks that occurred from July 15

to October 2, 1986 has an azimuth of S200 W, plunging 189, The ¢-values (the measure
of the relative sizes of the principal stresses) are approximately 0.07 and 0.1, respectively,
indicating that the intermediate and minimum principal stress are of similar magnitude. The
results of the stress inversion and the focal mechanisms that showed reverse faulting
suggest that the Inner Continental Borderland is not a pure-strike-slip tectonic regime but
rather a strike-slip mixed with reverse faulting regime. When the 52 aftershock focal
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of the maximum principal stress, which is largest in the days following the main shock and
decreases rapidly with time. The abundance of aftershocks may be related to the large
temporal variation in stress orientation that in turn, may have resulted from the small stress
drop of the main shock.
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Figure 1.

San Diega Region 1977 - 1987
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seismicity from January 1977 to February 1988.

bathymetric contour is also shown.

the box A-A' are shown in a time-space plot below.

(‘Top) the
The 800 m
Earthquakes located within
Symbol size

is scaled with magnitude and events of Mj, 2 4.0 are plotted as
stars. (Bottom) time space plot showing level of activity before
and after the Mp=5.3 Oceanside main shock.
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Figure 2.
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Figure 3. The main shock (shown as a star) and all aftershocks from July
1986 to April 1987 plotted on a bathymetric map of the study area.
Offshore faults are from Clarke et al. (1988). PVH-CBFZ-Palos
Verdes Hill-Coronado Bank Fault Zone. Faults with known Holocene
offsets are plotted as thick lines. Inferred faults are shown as
dashed lines.
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Seismic Source Characteristics of Western States Earthquakes
Contract No. 14-08-0001-21912
Donald V. Helmberger

Seismological Laboratory
California Institute of Technology
Pasadena, California 91125
(818) 356-6998

Investigation

A study on the characteristics of pre and post- 1962 Western U.S.
earthquakes is continuing with special emphasis on clusters. The
study has begun with well recorded modern events (post-1962) and will
proceed to (pre-1962) events later. TFour major tasks will be addressed
in this funding cycle. These tasks are:

1.) Extended analysis of low-gain recordings of earthquakes
occurring in the Imperial Valley and Northern Baja; to
fix the depths of main energy release (asperity concen-
tration).

2.) Analysis of body waves at all ranges using direct
inversion for fixed earth models, application of the
intercorrelation method to measure differences between
events and develop master events per region.

3.) Analysis of historic events (pre-1962) using the same
methods (masters) but on a more regional basis.
4.) Reassessment of events with sparsely recorded strong

motions using more accurate Green's functions computed
from laterally varying earth models.

Results

Although we planned to study historic earthquakes over this
funding cycle, we keep having local earthquakes which has side tracked
this activity. The most recent set occurring near the Superstition
Hills, Imperial Valley, are particularily interesting; and will be
reported on at the SSA (88) meeting. An abstract of this talk along
with a summary of a recently completed paper on the Whittier event
follow:

a) The November 1987 Superstition Hills Earthquake and Compari-
sons with Previous Neighboring Events

We compare the teleseismic waveforms of the two November
1987 Superstition Hills earthquakes, subsequently referred to as EQ 1
and EQ 2, with previous events occurring in the region, namely the
Imperial Valley and Borrego region. Because of the trade-offs in
moment estimates due to wupper mantle attenuation estimates and source
strength, we have accepted the bodywave moments of 1.1 x 1026 for the
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1968 Borrego Mountain event and 5 x 1025 for the 1979 Imperial Valley
event based on a relatively large number of investigations. Compari-
sons of observations at similar stations, as well as forward modeling
attempts, yield moment estimates of 1.8 and 8.2 x 1025 separated by
7.5 seconds. The surface waves of EQ2, for the records that remain
visible, appear to be stronger than predicted from the bodywave
ratios, which is indicative of a 1low stress drop expanding rupture.
The same set of events is compared on the strong motion records at
Pasadena where complex events can be easily identified. The results
are compatible with the teleseismic source parameter estimates. In
particular, models of the PAS EQ2 record indicate 2 events separated
by 7.5 seconds, the same as seen teleseismically. Although the second
event is more subdued in amplitude, results imply that the two asper-
ities are located near each other with a brief delay in energy release.
Perhaps the first event of EQ2 is the mainevent and the second is an
aftershock or the first event is a preshock.

b) Source Complexity of the 1 October 1987 Whittier Narrows
Earthquake

At long periods the Whittier Narrows earthquake can be
modeled as a simple thrust event. The best fitting fault plane
solution has a strike of 280°, a dip of 40°N _and a rake of 98°. The
focal depth is 14 km and the moment is 1023 dyne cm. When the short
period data are also considered, the earthquake appears to consist of
two events on subparallel faults separated in time by 1.2 seconds.
The first has a strike of 2509, dip 30°N and rake 90°, occurred at a
depth of 17 km and had a moment of .25 x 1023 dyne cm. The second
source has a focal mechanism identical to that of the best fitting
single source, but occurred at a depth of 11 km and had a moment of
1.3 x 1025 dyne cm. We believe that the Whittier Narrows earthquake
was a double event because both short and 1long period body waves at
all distances can be well modeled by a double event, the short period
data cannot be modeled as a simple event and the long period synthetics
are improved by a double source. The source parameters are well
constrained due to the number of stations and phases modeled. Attempts
to determine the stress drop were inconclusive due to the difficulty
in exactly defining the area of the fault plane. Using the total
aftershock area and long period results, we obtain an overall stress
drop of 682 bars for the double source. Using the asperity area and
the short period results we obtain a stress drop of 608 bars for the
first event and 578 bars for the second. We can conclude that this
was a high stress drop event even though we cannot get an exact value
for the stress drop. Many good, but complex, strong motion records of
this event were recorded in the Los Angeles area. The results obtained
in this study should be useful as a starting point in modeling the
strong motion records.
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Earthquake Source Parameters Using Regional Seismic
Network Data: Application to California and Eastern United States

14-08-0001-G1391

Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Goals

1. Perform research on the earthquake process in the New Madrid Seismic Zone
to delineate the active tectonic processes.

2. Perform more general research relating to the problems of the eastern U. S.
earthquake process and of the nature of eastern U. S. earthquakes compared to
western U. S. earthquakes.

Investigations

1. ‘A draft paper on the southeastern Illinois earthquake of 10 June 1987 has been
prepared. The paper reviews historical and regional seismicity in the epicentral
area, provides a surface-wave based focal mechanism for the main event, and a
‘study of regional tectonics based on an analysis of 10 years of regional seismic
network data. A section on aftershock distribution will be provided by co-authors
from Indiana University, Memphis State University and the USGS.

2. A paper on the importance of Q corrections for Lg source spectrum estimates is
under significant revision. The conclusions are that Lg data can be used to esti-
mate the seismic moment and corner frequency of the source if Q corrections are
applied. The results are compatible with short distance S-wave and teleseismic P-
wave estimates for the region.

3. A rough draft of a paper on the surface-wave analysis and modeling of strong
motion data from the January 31, 1987 northeastern Ohio earthquake.

4, Numerical simulation of long period ground motion at the cities of Chicago,
lllinois and Atlanta, Georgia has been performed for a hypothetical My,, = 7.5
earthquake in the New Madrid seismic zone. Ground motion response spectra are
estimated in the period range of 0.5 - 20 seconds.
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Tectonics of Central and Northern California

9910-01290

William P. Irwin
Branch of Engineering Seismology and Geology
U. 5. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 329-5639

Investigations

1.

2.

Preparation of a reconnaissance geologic map of the Pilot Creek l5-minute
quadrangle, Humboldt and Trinity Counties, California,

Compilation of a geologic map of the Klamath Mountains and adjacent areas
in northwestern California and southwestern Oregon for purposes of tec-
tonic analysis.

Study of distribution of radiolarian-bearing chert deposits in the Cali-
fornia Coast Ranges as a possible means of determining regional tectonic
dislocations.

Results

1.

The reconnaissance geologic map of the Pilot Creek quadrangle was prepared
in collaboration with K. R. Aalto of Humboldt State University and H. M.
Kelsey of Western Washington University. The quadrangle straddles the
South Fork fault which forms the boundary between the Coast Ranges to the
southwest and the Klamath Mountains to the northeast. The Coast Range
portion of the quadrangle is composed of South Fork Mountain Schist and
Franciscan rocks, and the Klamath mountains portion includes Galice Forma-
tion and Rattlesnake Creek terrane. In addition to the South Fork fault,
the Coast Range portion of the quadrangle contains other major fault and
shear zones including the well-known Grogan fault., The map is planned for
an Open -File report and is now in Branch review.

Compilation of the geology of the various source maps of the Klamath Moun-
tains (scale 1:500,000) and preparation of the peripheral explanatory
material has been completed. The map is planned for publication in the
Miscellaneous Geologic Investigations map series and is now in Branch
review.

Samples of radiolarian chert have been collected from the main exposures
of Franciscan rocks in the central and southern coast ranges for the pur-
pose of extending and refining the known distribution of the Lower Juras-
sic chert. The Lower Jurassic chert, which is the oldest paleontologic-
ally dated rock of the Franciscan assemblage, has previously been paid
scant attention, but its pattern of distribution may possibly provide im-
portant information relating to large tectonic dislocations of the Fran-
ciscan rocks on either side of the Salinian block. The study is in col-
laboration C, D. Blome and M. J. Rymer., Progress has been slowed by a
delay in processing of the chert samples.
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Regorts

Mankinen, E. A., Irwin, W. P., and Gromme, C. S., 1988, Paleomagnetic res: ts
from the Shasta Bally plutonic belt in the Klamath Mountains provi:
northern California: Geophysical Research Letters, v. 15, no. 1, p. .uL-
59.

Schweickert, R. A., and Irwin, W. P., 1988, Extensional faulting in the south-
ern Klamath Mountains, California: Submitted to Tectonics.

04/88
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Seismirily ¥ ait.s108 and the Stress State
" in Subduciion-Type Seismogenic Zone

Grant Number 14-08-0001-G1368

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309-0449
(303) 492-6089

Research during November, 1987 to April, 1988 was focused on the following tasks:
(1) a re-examination of the teleseismic seismicity prior to the May 7, 1986 Andreanof
Islands earthquake as one means of verifying the quiescence in the local data on which the
prediction of a strong earthquake in this region had been based; (2) investigation of the
distribution of the aftershocks in space and time in order to relate this activity to the
pre-event patterns and the details of the rupture processes during the main shock; (3)
search for changes with time of seismic velocitites, Q, and earthquake characteristics by
the analysis of earthquake doublets.

Teleseismic Seismicity before May 7, 1986

During the prediction phase preceding the May 7 earthquake (1983-1985), the
seismicity distribution in the region monitored by the Adak network, as manifested by the
teleseismic solutions in the PDE reports, had been examined in an attempt to verify that
the quiescence that was seen in the local data set was genuine. The use of the PDE cata-
log for this purpose is limited by inherent problems. First, the number of events within
small geographical regions in short time intervals is small, so that statistically significant
variations in occurrence rates can rarely be isolated. The number is further reduced by the
need to apply a lower magnitude cutoff to the catalog in order to obtain a homogeneous
‘data set. Another difficulty for this particular application is the systematic mislocation of
PDE hypocenters in the central Aleutians because of plate effects that are neglected in the
routine location procedure. An approximate correction for mislocation had been made in
the earlier work. A third problem is the standard uncertainty in the magnitudes routinely
determined, which is + 0.3 to 0.4 units. The conclusion of the earlier analysis was that
the teleseismic data did not contradict the strong quiescence seen in the Center subregion
of the Adak zone, but that these data alone did not establish a rate change that would
have been accepted as an anomaly in the absence of the local network data.

As part of his study of the seismicity and seismotectonics of the central Aleutians,
E.R. Engdahl, USGS, carefully relocated all events from January, 1964 through April,
1987 for which adequate teleseismic data exist. His methods remove the plate effects and
have produced the most reliable catalog for this region that is likely to be available for a
long time. In addition, he introduced a method for improving the screening of events by
size in which the reported body wave magnitude and the number of stations reporting the
event are combined. An analysis of the number-of-stations vs. magnitude data, some of
which was done as part of this project, showed that a criterion requiring both a magni-
tude greater than or equal to 4.3 and a minimum of 15 reporting stations yielded a
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zatalog 9nth a v=labie minimum magnitude of 4.6. Similar combinations can be used to
establish higher cuiffs, for example 4.7 and 75 stations gives a real cutoff of 5.0.

His revised catalog, with the new locations and a cutoff of 4.6 as defined above, was
analyzed according to the same subregions used in the original prediction experiment. The
inherent problem of small numbers remains, of course. The results, shown in Figure 1,
again show a marked decrease in activity in the Central region, but not in the adjacent
subregions. This catalog, which covers the Aleutian arc from 179.5° W to 172° W, per-
mitted an examination of the behavior of seismicity in the eastern part of the May 7, 1986
rupture. This part of the seismic zone is not monitored by the network. As seen in Figure
1, the activity levels in the eastern part of the zone are lower than in the region near
Adak. The West Atka subregion contains the epicenter of the May 7 mainshock. The
complete cessation of activity at magnitude 4.6 and greater from mid-1981 to late

. 1984,and the increase in activity rate up to the time of the mainshock is seen. There is no
suggestion of quiescence in the teleseismic data in the part of the rupture zone east of the
epicentral region.

Aftershocks of the May 7, 1986 Earthquake

The time and space distribution of the aftershocks has been analyzed from both the
Engdahl teleseismic catalog and the local data for the first seven days after the event.
This analysis has revealed a number of interesting features which will be described in a
paper by Engdahl, Billington, and Kisslinger that is in the last stages of preparation. The
teleseismic sequence fits the Modified Omori relation well out to the beginning of March,
1987, as seen in Figure 2. The decay constant, p, is 0.880 when the entire aftershock zone
is included.

The segments of the fault east and west of the epicenter were also analyzed
separately (Figure 2, lower part) . For the segment west of the epicenter, the part moni-
tored by the local network, p=0.831. However, the eastern segment, with a late surge in
March - April 1987 excluded, had a much higher decay rate, 1.12. This is also a normal
value, but the substantial difference in the two parts of the rupture plane indicates a
difference in either the fault zone properties or the stress distribution following the main
shock. Most of the moment release in the event occurred in the western segment. In
March and April, 1987, a surge of activity at the easternmost extremity of the rupture
zone, apparently a late extension of the aftershock zone. caused the sequence to rise signi-
ficantly above the rate predicted by the Modified Omori fit.

Both the early local data and the teleseismic sequence show a concentration of aft-
ershocks in the Center region. This is the segment of the thrust zone that was by far the
most active in the microearthquake catalog prior to mid-1982, that showed the sharpest
and most persistent quiescence, and where the greatest moment release took place during
the main event. A physical connection of quiescence, earthquake occurrence, and pattern
of moment release is strongly suggested. It is not possible with existing data to resolve the
locations well enough to determine if these aftershocks actually took place on the surface
of rupture of the main event or in the material on either side of this surface, as has been
suggested by others.

The results demonstrate the value of the frequency -linearized - time plot for isolat-
ing intervals of activity that depart from the Modified Omori relation. With many hun-
dreds of events to examine, this tool helps identify groups of particular interest.
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Figure 1.
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Cumulative number of independent earthquakes (swarms and aftershocks
removed, 1964 - May 6, 1986. Engdahl revised catalog, m, — 4.7, depth less
than 100 km.

Top: Adak zone, 174.82 - 178.46° W (260 km), the segment monitored by
the Central Aleutians Network. Subregions are: Wescansw = 176.50 -
178.46° W (140 km), Center = 175.38 - 176.50° W (80 km), Atka 174.82 -
175.38° W (40km).

Bottom: East zone, 172.0 - 174.82° W (197 km). Subregions are:
Eatka = 173.5 - 174.84 W (92 km), Eamlia = 172.0- 173.5* W (105 km)
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Figure 2. Cumulative number of aftershocks of the May 7, 1986 earthquake vs. time,
to the end of April, 1987. Time in days after the main shock. The best fit-
ting Modified Omori curve, with the p-value is also plotted, along with the
departures of the data from this curve. m; > 4.6, depth less than 100 km.
From Engdahl revised catalog.

Top: Data for the whole zone, 173.86° W to 178.5° W.

Bottom: data for the segments of the aftershock zone west and east of the
epicenter of the mainshock. The data for the eastern segment were analyzed
with out the surge of activity at the eastern boundary in March-April, 1987,
but these events are plotted to show the marked increase above the pro-
jected rate.
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Analysis of Earthquake Doubiets

The first objective of this study is to determine if the change in the stress distribu-
tion resulting from the May 7, 1986 earthquake caused detectable changes in seismic wave
velocities. In particular, we are looking for anisotropic velocity changes that may have
been caused by the changes in deviatoric stress or by crack formation. M. Biot and A.
Nur have shown that a change in stress can cause velocity anisotropy.

If two earthquakes occur at or very close to the same location, the seismograms pro-
duced by them at any one station should be identical except for amplitude if there are no
changes in properties along the propagation path between the times of the two events.
Such pairs are called doublets. Velocity changes between the events will cause a relative
expansion or contraction of the time intervals between arrival of phases on the seismo-
grams. The measurement of these relative time differences provides a very accurate

- method of detecting velocity changes. The availability of digital seismograms for many
hundreds of earthquakes that have occurred in the region affected by the May 7 earth-
quake provides an opportunity to make these measurements.

The necessary software has been assembled and the method tested. The major source
of error was found to be long-term speed variations in the magnetic tape record/playback
system. Although negligible for most seismological analyses, this time drift, usually of the
order of tens of milliseconds over many months, is well within the threshold of detection
by this method. A correction can be made for this drift, because the time code recorded
with the seismic data is subject to the same drift (absolute time as read on record is not
affected). After processing to remove the different pulse widths used to encode day, hour,
and minute, the seconds pulses on the time code channels of the two seismograms to be
compared are cross-correlated and the relative time drift due to tape speed variations
measured. After the time drift is removed from the data, time differences between
corresponding phases in a doublet can be interpreted as due to physical changes in the
medium that have occurred between the times of the two events.

In order to reduce the large data base available to manageable numbers of event
pairs, attention has been directed to four small rectangular areas, shown in Figure 3. The
areas were selected because they experienced either dense concentrations or an absence of
aftershocks of the May 7 mainshock. The identification of doublets is a time-consuming
task. Suitable doublets have been identified in one of the areas. An example of the seismo-
grams from one doublet is given in Figure 4, along with the time delays remaining after
the drift correction has been applied. Events occurring close in time are beng analyzed to
test the resolution and stability of the method. Other pairs widely separated in time, in
some cases both before the main shock, in other cases spanning the mainshock, will be
analyzed. In this way both velocity changes that may have preceded the mainshock and
those that may have resulted from it will be sought.

Publication

Kisslinger, C., An Experiment in Earthquake Prediction and the 7 May 1986 Andreanof
Islands Earthquake, Bull. Setsm. Soc. Amer., 78: 218-229, 1988.
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1.0

earthquake.

From top to bottom: the vertical component seismograms at station AD2
from an event on April 11, 1985; the same for an event on June 25, 1986;
the calculated delay times as a function fo running time along the seismo-
grams. The delay times have been corrected for long-term tape speed varia-

tions.
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Seismological Field Investigations
9950-01539

C. J. Langer
Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1593

Investigations

1.

2.

Laramie Mountains, Wyoming, postearthquake study--local investigation of
aftershocks resulting from the my 5.4 earthquake of 18 Oct 84.

Study of Q along the Wasatch Front, Utah.

Results

1.

Forty-seven aftershocks, one regional event, and two local blasts were
located from data obtained during eleven days of portable 1nstrument
operation surrounding the main shock (mp = 5.4; Mo= 1.1 X 10° dyne cm;
42.375° N. lat., 105.20° W. long.; depth >21 km). Eighty-seven percent
of the aftershocks fit in a tight pattern roughly 3 1/2 km long by 3 km
wide. Their focal depths are between about 21 and 25 km. Using the
above aftershock volume measurements and Mo gives an estimated maximum
fault displacement of about 35 cm and a stress drop for the main shock of
about 140 bars. Focal mechanisms (main shock and single-event solutions
for the aftershocks) indicate east-northeast right lateral strike slip or
north-northwest left lateral strike slip on near-vertical fault planes.
The "T" axes are subhorizontal, striking roughly N. 25° E,

A data set of 108 digitally recorded earthquakes that occurred during
1984-1985 in northern Utah has been processed to evaluate the geometric
and anelastic attenuation parameters that control short-period peak
amplitudes south along the Wasatch Front. The earthquakes were detected
and recorded by the University of Utah seismograph network and the data
processing was conducted by Stan Brockman at the USGS facility in

Golden. We applied a technique similar to that used by Rogers and others
(1987) in determining Q for the southern Great Basin, but our preliminary
results are vastly different. The southern Great Basin Q model is
reported by Rogers and others (1987) as Q(f) = 774 £°"°*(essentially no
frequency dependence, 3< f <10 Hz), our indicated Wasatch Front Q model
is approximately Q(f) = 110 £°°°°(1.0 < f <10.0 Hz) which is reasonably
consistent with what Chavez and Priestly (1986) determined for the Creat
Basin as a whole, Q(f) = 206 £°"°®(0.3 < f < 10.0 Hz), and very close to
Nuttli's (1986) model (Q(f) = 139 £°°°) for the Great Basin.
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References:

Chavez, D.E., and Priestley, K.F., 1986, Measurement of frequency dependent L
attenuation in the Great Basin: Geophysical Research Letters, 13,
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Hayward Fault
9910-04191

J. J. Lienkaemper
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5642

I ligat]
Determine slip rates and earthquake recurrence intervals on the Hayward fault. Compare
geologic surface-slip rate to historic creep rates and geodetically determined deep-slip rate.

Analyze effects of structural complexity and fault segmentation upon how recurrence may be
inferred from slip rate.

Besults

1. Trenching near Fremont Civic Center 1986-1987 yielded a slip rate of 5.5 + 0.5 mm/yr
for the the last 8040 yr from an offset buried channel unit. Manuscripts for open-file
release of the data are now completed and in review {Borchardt et al., 1987; Borchardt et al.,
1988a; Borchardt et al., 1988b]. Laboratory results on paleomagnetic samples have not
arrived yet.

2. Offset cultural features near the Fremont trench site indicate creep rates of 5.3 to 5.4
mm/yr over the last 2 to 3 decades in the central part of the Niles alluvial cone. Thus it
appears that long-term slip rate and creep rates are equal here. The Hayward fault makes a
right jog of a few hundred meters across this area. To the south, cultural features indicate
creep rate of ~9 mm/yr since ~1920 (Lienkaemper and Borchardt, unpub. data, 1987). This
greater creep rate (i.e. 9 > 5.5 mm/yr) may reflect the full rate of slip on the Hayward fault
below seismogenic depths. It thus appears the right jog across Niles Cone either acts as a
barrier to slip or causes deformation to distribute in some unknown way. South of Warm
Springs district in Fremont no Quaternary fault zones or fold structures have been identified
that seem to be either independently or collectively capable of 9 mm/yr geologic slip rate.
Preliminary geomorphic and structural inspection of the Mission Fault suggests minor slip
rate despite its distinct subsurface connection to both Calaveras and Hayward faults as
observed in microseismicity.

3. A potential 18-km-long gap in high creep rate exists on the Hayward fault in the Oakland
area. We have identified minor creep in the Knowland Zoo area, but search northward to the
Caldecott tunnel reveals no distinct evidence of creep. We intend to begin rigorous monitoring
of creep in the Oakland gap (?) in co-operation with other projects and agencies this year to
determine if surface slip actually lags behind the 5.5 mm/yr observed along most of the
Hayward fault. If creep is nil in this segment, then this area becomes one of the most likely
places in the S. F. Bay Region to experience a large, damaging earthquake.
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95



I.2

San Andreas Fault Slip Near Cholame, California
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J. J. Lienkaemper
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5642
Investigations
1. Surface slip along the San Andreas fault near Parkfield, California.
2. 1857 slip on the San Andreas fault near Cholame, California.

Results

1. We completed the Parkfield slip manuscript [Lienkaemper et al., in review]. Surface slip
in characteristic Parkfield earthquakes reaches ~35 cm in the central segment of the 1966
rupture, and is ~15 cm both north of Middle Mountain and south of Gold Hill. We present a
dislocation model of the entire ~44-km-long by ~13-km-deep 1966 rupture surface. We
infer a long, narrow asperity near 5~7 depth between Middle Mountain and Gold Hill from
1966 aftershock distribution, and use our surface-slip data to constrain slip beyond the
asperity. Slip on such an asperity of 65 =+ 10 cm fits coseismic geodetic line-length changes
well. This amount of slip can be reloaded on the asperity at deep-slip rates of 30 + 5 mm/yr
in a 21.9-yr Parkfield earthquake cycle. The inferred size of the asperity 2.7 km by 26.4
km gives a moment 1.4 x 1025 dyn-cm in good agreement with long-period teleseismic
moments.

2. Two large southern California earthquakes occurred in late 1987: Whittier (Los Angeles
County), Oct. 1, M¢5.6, and Superstition Hills (Imperial County), Nov. 24, M 6.3. Several
weeks were spent in field investigation, analyzing and reporting these events during a period
that had been scheduled for completing field investigations in Cholame.

Results of a detailed reconstruction of an especially distinct (in 1966) stream channel
probably offset in 1857 were reviewed for publication [Lienkaemper and Sturm, in
revision]. | presented a summary of the overall 1857 slip investigation [Lienkaemper,
1987]. My conclusions remain essentially unchanged since reported in the last semi-annual
report. | believe 1857 slip between Cholame and Bitterwater Valley probably averaged 6 * 2
m. Preservation of channel offsets is generally poor. Nevertheless, it is clear that 1857 slip
here was greater than the 9 m observed in Carrizo Plain, but most probably larger than the
3-4 m slip plateau of Sieh and Jahns [1984]. This 3-4 m slip was the basis of Sieh and
Jahn's forecast of a M7 Cholame earthquake to accompany the next moderate Parkfield
earthquake. Although, | believe such a large event is possible; my slip data suggest that its
likelihood cannot be considered either large or distinct.
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VIRGINIA, WASHINGTON
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MS 926, National Center MS 926, National Center
Reston, Virginia 22092 Reston, Virginia 22092
(703) 648-6791 (703) 648-4382
Investigations

A search was continued for liquefaction features in the vicinities of
Charleston, southeastern South Carolina, and Savannah. In the Charleston
area, the search was for 1886 features whose source sands could be tested to
back-calculate shaking severity of the 1886 earthquake and to determine
geologic and engineering controls on surficial development of liquefaction.
In areas far from Charleston, the search was for pre-historic liquefaction
features.

Six sites of 1886 liquefaction were tested in the field (using cone
penetration or standard penetration tests) by researchers from Virginia
Polytechnic Institute; many sites with no liquefaction were also tested.

Geologic and structure contour maps were drafted for the Summerville,
Summerville NW, Ridgeville, and Pringletown 7.5 minute quadrangle.

Results

In extreme eastern Georgia, near Savannah, no liquefaction features have
been discovered. Thus, it would appear that the possibility of strong
Holocene earthquake shaking in that area is quite low.

The liquefaction caused by the 1886 earthquake that was farthest from the
epicentral region developed only in exceptionally loose sands. This implies
that far from the epicenter, exceptionally low near-surface accelerations
produced many of the Tiquefaction-related earthquake effects.

A manuscript has been completed which describes characteristics of
earthquake-induced liquefaction features and characteristics of nonseismogenic
features that might be confused with the earthquake-induced features. These
characteristics are described in both the coastal setting of South Carolina
and fluvial setting of the New Madrid seismic zone.

Reports

Obermeier, S. F., Weems, R. E., Jacobson, R. B., and Gohn, G. S., in press,
Liquefaction evidence for repeated Holocene earthquakes in the coastal
region of South Carolina, New York Academy of Sciences.

Weems, R. E., Jacobson, R. B., Obermeier, S. F., and Gohn, G. S., 1988, New
radiocarbon ages from earthquake-induced liquefaction features in the
lower coastal plain of the Carolinas, Geological Society of America
Abstracts with Programs, Southeastern Section, v. 20, no. 4, p. 322.
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Investigations

This program supports continued studies with research focused on: (1)
seismicity in proposed seismic gaps; (2) magmatic processes in Long Valley Cal-
dera; (3) relocations of Mammoth Lakes earthquakes; (4) focal mechanisms and
stress distribution: (5) analysis of digital waveforms. Some of the new results
are described below.

Results
Seismicity in and near seismic gaps

Several investigators, beginning with A.S. Ryall and R.W. Wallace have
identified two regions along the west-central Nevada seismic zone as likely loca-
tions for the next major western Great Basin earthquake (Figure 1). One of
these, the Stillwater gap, lies between the rupture zones of the 1915 Pleasant
Valley and 1954 Dixie Valley - Fairview Peak earthquakes; the other, the White
Mountains gap, lies between the rupture zones of the 1932 Cedar Mountain and
1872 Owens Valley earthquakes. Previous reports have discussed the White
Mountains gap and quantified specific features upon which the next major event
is likely. Figure 1 shows a map of recent seismicity together with outlines of the
historic ruptures and the locations of the seismic gaps. Of note is the recent
burst of activity within the Stillwater gap, wherein very few earthquakes have
been previously observed. This pattern suggests a possible impending earth-
quake following the pattern observed by Ryall (1977 BSSA p 512). A microseismi-
city study is planned for this region in the summer of 1988 to attempt to charac-
terize this renewed seismicity in detail. This seismicity was part of a general
increase of seismicity throughout Nevada in 1987.

The pattern of seismicity preceding the 1988 Chalfant sequence suggested
impending activity within the White Mountains Gap; three-component digital
event recorders were deployed right over the sources of the two principal early
shocks. A shallow cluster of activity near the town of Mina, Nevada, during July
and August of 1987, also generally within the White Mountains seismic gap and
the Walker Lane, was similar to the foreshocks of the Chalfant sequence, and
digital instrumentation was again deployed in anticipation of a larger event,
which was not forthcoming. However, the added instrumentation improved the
hypocentral determinations and focal mechanisms of the Mina swarm, which
should provide a better understanding of the tectonic involvement of the Walker
Lane structure. Manuscripts have been submitted on this work {see below).

A field experiment was conducted in the vicinity of Station SLK to deter-
mine apparent velocity and particle-motion characteristics of a pre-S phase
seen at that station. A small-dimension array was set up and the phase was seen
for three earthquakes. Very precise timing calculations now underway will be
reported at the spring SSA meeting. Preliminary results indicate that: (1) the
phase has characteristics characteristics similar to those reported by Zucca
and others (1987, BSSA p 1674), and (2) the phase cannot be a deep reflection
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Investizati

This report reflects work on a newly supported NEHRP research project to investigate
spatial and temporal distribution of earthquakes in four seismically active areas in central
California. The project is an extension of a previous study of the earthquake distribution within
the area of the 1984 Morgan Hill, California aftershock sequence. A technique based on pairs of
earthquakes is used to quantitatively evaluate the nonrandomness in the spatial and temporal
distribution of earthquakes. The present project features an investigation of the finer-scale spatial
clustering of the events in this area, as well as a similar study in the areas of: 1) the 1979 Coyote
Lake aftershock sequence; 2) the 1983 Coalinga aftershock sequence; and 3) the creeping
segment of San Andreas fault near Hollister, characterized by high microearthquake activity
(Figure 1). This will allow comparisons to be made of seismicity patterns in similar and
contrasting tectonic settings.

Results

Pair Analysis Method. We use distributions of earthquake pairs to study nonrandomness
in spatial and temporal distribution of seismic events. A related approach, called the method of
second-order moments, has been applied by Kagan and Knopoff (1980) and Reasenberg (1985).
Pair analysis allowed us to show that the spatial distribution of the aftershocks of the 1984
Morgan Hill earthquake is nonrandom (Eneva and Pavlis, 1985), as well as to quantitatively
evaluate the degree of this nonrandomness (Eneva and Pavlis, 1986). We have been applying
similar ideas in the study of the seismicity in Soviet Central Asia (Eneva et al., 1987; Eneva and
Hamburger, 1987).

Our work on the 1984 Morgan Hill aftershock sequence (Eneva and Pavlis, 1988)
examined the nonrandomness in the spatial and temporal distribution of earthquakes in the
Morgan Hill area by comparing observed distributions of interevent distances and times with
simulated expected distributions. Figure 2 schematically shows the principle of this evaluation in
space. The observed distribution of distances between events (Figure 2A) is compared with the
expected distribution of distances between randomly distributed points (Figure 2B), the
simulation being done using a uniform distribution of point coordinates within the study area.
When the expected distribution is subtracted from the observed, a residual distribution is obtained
(Figure 2C) that shows the departures in terms of residual number of pairs. The dotted lines
indicate the tolerance limits, which we used to estimate the statistical significance of the
differences between observed and expected distributions of pairs; deviations within the tolerance
limits are not considered to be significant. Distributions of time intervals between events are
similarly used to evaluate nonrandomness in temporal distribution of earthquakes. Residual
distributions of number of pairs, such as those shown in Figure 2C, were obtained for different
magnitude intervals and time periods and served as a basis to estimate the degree of
nonrandomness in terms of relative number of events. These estimates are represented by the
so-called c-functions (Eneva and Pavlis, 1988) that describe the departures from uniform
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distribution (Figure 3). We found that a short-distance clustering (distances < 7 km) occurs in
both preshock and aftershock periods. This feature is more pronounced after the mainshock and
for the events of larger magnitude. A long-distance nonuniformity was also observed (distances
> 11 km) during the preshock and early aftershock periods, but gradually disappears in the late
aftershock sequence. In time, there is no indication of any significant nonrandom pattern in the
preshock distribution. However, the distribution of time intervals between aftershocks, although
dominated by the classic power-law decay, suggests the existence of characteristic time intervals
increasing with magnitude and time.

Acquisition of Data. This is a new project and much of our efforts to this point have been
directed at gathering the necessary data. With the help of Paul Reasenberg from USGS we now
have precise location data from the 1979 Coyote Lake and 1983 Coalinga aftershock sequences.
In addition we have acquired routine earthquake location estimates for the entire CALNET and
USGS southern California catalogs through 1986. These will be used in the study of seismicity
in the Hollister area. We have also been using relocated data from Morgan Hill area for the
period 1978-1986.

Development of New Algorithms. We are currently working on an algorithm that will
allow us a greater flexibility in the random generation of earthquake catalogs. Our previous work
was limited to outlining an arbitrary rectangular frame around the study area. In the case of
Morgan Hill we showed (Eneva and Pavlis, 1988) that as long as the width of the modeling
rectangle is within reasonable limits, the final estimates of spatial nonrandomness are not greately
affected. However, this may not be valid in other seismically active areas of different
configuration and can become a serious problem when quantitative comparisons between
different areas are made. With the new algorithm we will be able to simulate the locations of
earthquakes within areas of irregular shape, which will reduce the arbitrariness of the expected
distributions being used.

A technique for identifying earthquake clusters in a catalog was also developed. It differs
from other methods in that it uses randomly generated rates of seismic activity and a random
choice of the events to be removed as clustered. By employing the following procedures, some
deficiencies associated with previous methods are avoided: (1) we assign an individual average
rate to each portion of the seismic zone, rather than calculate a single average rate for the entire
zone; (2) we do not remove all the events from a high-activity window, but leave in the catalog a
certain number of earthquakes, corresponding to the background activity; (3) we do not restore
the activity in all such windows to identical rates, but the background rate in each window is
randomly generated using a normal distribution, with the average rate as a mean. Further, the
events to be removed are randomly chosen, excluding the largest earthquakes. We are currently
working on combining our technique with the declustering method described by Reasenberg
(1985). This may allow us to overcome the shortcomings of each of the two approaches.
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Figure 1.  Epicentral map of California, M| > 1.5, 1972-1983. Ellipses indicate the approximate areas of study

in the project: MH = 1984 Morgan Hill sequence; CL = 1979 Coyote Lake sequence; HO = microearthquakes near
Hollister; CO = 1983 Coalinga sequence. Adapted from Eaton (1985).
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Investigations

Mapping within the Mountain Run Fault Zone (MRFZ) indicates that the Everona
Limestone occurs almost exclusively on the northwest side of and at the foot
of the phyllonite-mylonite scarp of the MRFZ. Furthermore, the Everona
Limestone consists of a discontinuous series of lenses rather than being a
continuous stratigraphic layer as previous mapping by others has portrayed
it. Some limestone lenses contain internal complex folds whereas other lenses
are charaterized by homoclinal layering. Poorly exposed lenses of ironstone
also occur close to the Everona Limestone. Both the ironstone and limestone
lenses are included within the True Blue formation (informal name) that lies
between the MRFZ and the Catoctin Formation (Precambrian Z) to its

northwest. The True Blue terrane is interpreted to be the continental margin
deposit of a back arc sea (see technical summary for 1986 and Pavlides, in
press). Also, scattered in random fashion within the True Blue, are outcrops
of argillite and chert which may be exotic blocks rather than stratigraphic
lenses. At one place a boudinaged siliceous mylonite layer is interpreted to
have formed from chert. The new information on the True Blue suggests it may
be an olistostromal~tectonic melange, in contrast to the metavolcanic and
ultramafic block-bearing melanges to the southeast of the MRFZ described
recently (Pavlides, in press) as comprising the Mine Run Complex.

Reports
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from an extensive magma body as-suggested by those authors. Data taken are
shown in Figure 2.,

Following previous work by Vetter on regional directions of stress from focal
mechanisms which showes a clockwise rotation by 28° from Mammoth Lakes in
the west to Chalfant Valley in the east, the method of Gephart and Forsyth
(1984) was used to estimate principal stress directions of the best fitting stress
tensor. At the 95% confidence level, this method shows overlap of the Mammoth
Lakes, Round Valley, and Chalfant sequences {Figure 3). The method also shows
good agreement between earthquake populations near Mono and Walker Lakes,
with a significant clockwise rotation relative to Mammoth Lakes (Vetter, 1988.)
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